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PREFACE 


The  Reliability  Analysis  Center  (RAC),  technically  rnonaged  by  Rome  Air  Development 
Center  (ICADC),  is  a  Department  of  Defense  (DoD)  Information  Analysis  Center  with  the  express 
purpose  of  serving  as  a  focal  point  for  the  recovery  of  reliability  test  and  experience  data  on 
electronic  systems  and  the  components  used  therein.  It  is  one  of  several  DoD  Information  Analysis 
Centers,  administratively  managed  by  the  Defense  Logistics  Agency  (DLA),  operating  in  unique, 
narrowly  defined  technical  areas.  Since  its  inception  in  1968,  the  RAC  has  been  operated  by  ITT 
Research  Institute  under  contract  to  the  United  States  Air  Force  (at  its  Chicago  Headquarters  from 
19C8  to  1972;  at  RADC,  Griffiss  Air  Force  Base,  New  York  from  1972  through  1988;  and  since 
August  1988  at  a  contractor  facility  in  Rome,  New  York).  The  RAC  mission  is  to  collect,  analyze, 
synthesize,  format  and  disseminate  reliability  information  on  electronic  equipments/systems  and  on 
the  microcircuit,  discrete  semiconductor  and  electromechanical  components  mat  make  up  the 
functional  hardware.  Analyzed  and  evaluated  reliability  information  is  disseminated  through 
reliability  compilations,  handbooks,  appropriate  special  publications  and  direct  consulting 
assistance  to  suppon  defense  systems  development  and  to  upgrade  their  reliability.  The  RAC 
engineering  services  arc  made  available,  under  service  charge  arrangements,  directly  to  government 
agencies  and  contractors,  enabling  efficient  application  and  utilization  of  the  accumulated 
knowledge  and  information  to  specific  problems. 
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1.0  INTRODUCTION 


Thi«!  is  the  first  Annual  Report  for  Operation  of  the  Reliability  Analysis  Center,  in  accordance 
with  CLIN  0002,  ELIN  AOlO,  DI-S-3591A,  under  Contract  F30602-87-C-0228.  Information 
concerning  expended  effort,  accrued  operating  cost,  volumes  produced,  user  services  (and  income 
derived  from  these  services)  and  distribution  of  technical  publications  is  provided  for  the  fiscal  year 
1  October  1987  to  30  September  1988. 

2.0  SUMMARY  OF  Pf-88  TECHNICAL  ACCOMPUSHMENTS 
2 . 1  Significant  Accomplishments 
USER  RECEIPTS 

The  RAC  collected  a  total  of  $489,342.67  in  checks,  purchase  orders,  and  wire  transfers 
during  FY’88.  It  was  distributed  as  follows: 

Engineering  Services  $  66,111.50 

Document  Sales  178,858.17 

Training  Course  Receipts  244,373.00 

A  total  of  4,331  RAC  documents  were  distributed  during  FY’88. 

TRAINING  COURSES 

The  Design  Reliability  Training  Course  was  presented  1 1  times  during  FY'88.  Three  of  the 
courses  were  "open"  and  eight  were  "on-site"  course  presentations. 

The  Statistical  Process  Control  Training  Course  was  presented  three  times  during  FY'88.  All 
three  of  the  courses  were  "open"  presentations. 

The  Testability  IVactices  Today  Training  Course  was  presented  six  times  during  FY'88. 
Four  of  the  courses  were  "open"  presentations  and  two  were  "on-site"  course  presentations. 


1 


A  massive  effon  was  undertaJeen  to  completely  revamp  the  Design  Reliability  Training 
Course.  This  task  involved  updating  and  inputting  all  course  material  to  the  RAC  desktop 
publishing  system,  and  regenerating  many  tables,  figures,  diagrams  and  chans.  The  culmination 
of  this  project  will  find  99%  of  the  training  course  automated  for  ease  ^  f  change  for  all  future 
course  updates.  The  effort  was  75%  completed  during  FY'88. 

DATA.BASES 

A  total  of  1,002  documents  were  received  for  possible  inclusion  in  the  RAC  document 
center.  Approximately  2,000  documents  were  abstracted,  indexed,  and  added  to  the  library 
database. 

Data  acquisition  personnel  visited  approximately  50  difference  companies  and  government 
agencies  in  an  effort  to  promote  the  RAC,  established  contacts,  discuss  data  formats,  and  obtain 
data  to  enhance  RAC  databases. 

A  specialized  mailing  was  conducted  to  collect  reliability  test  and  failure  related  data  on 
optoelectronics  devices  in  support  of  a  new  state-of-thc  art  report  entitled,  ’’Reliability  Review  of 
Optoelectronic  Devices.”  The  data  collected  will  be  analyzed,  and  entered  into  a  database  for  future 
consideration. 

HANDBOOKS  AND  DATABOOKS 

Work  was  completed  on  the  following  handbooks  and  databooks: 

.Microcircuit  Screening  Analysis  -  MDR-22 

This  169  page  publication  makes  fallout  rate  data  on  integrated  circuits  available  to  RAC 
users.  This  data  can  be  used  as  a  baseline  to  define  typical  fallout  rate  values  as  a  function  of 
device  and  screen  stress  variables.  This  publication  covered  digital,  linear,  interface,  and  memory 
devices.  Various  standard  screens  are  analyzed,  as  well  as  screening  sequences,  making  this  data 
extremely  useful  for  those  who  wisii  to:  (1)  Compare  fallout  rates  from  a  particular  process  or  line 
to  industry  averages,  and  f2)  Customize  screening  tests  to  optimize  the  cost/'benefit  ratio  (^on- 
miiitary  applications). 
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This  publication  contains  375  pages  of  detailed  microcircuit  screening  data  used  to  develop 
the  analyses  of  MDR-22,  "Microcircuit  Screening  Analysis."  This  data  is  made  available  to;  ( 1  i 
Perform  analyses  that  were  not  presented  in  MDR-22  and  (2)  Examine  unique  part  numbers  or  a 
specific  set  of  test  conditions. 

Discrete  Semiconductor  Device  Reliability  -  DSR-4 

DSR-4  contains  detailed  field  and  test  reliability  data  on  a  wide  range  of  discrete 
semiconductor  devices,  liquid  crystal  displays,  and  photovoltaic  cells.  The  data  is  organized  to 
facilitate  location  of  necessary  information  in  a  minimum  of  time.  The  data  contained  in  DSR-4, 
which  has  been  compiled  from  military  and  commercial  data  sources,  details  the  nature  of  device 
failures  by  presenting  device  characteristics  as  well  as  imposing  environmental  and  electrical 
stresses. 

Work  began  on  the  following  handbooks  and  databooks; 

TRS-5.  MIL-HDBK-338  Index  -  The  objective  of  this  project  is  to  generate  a  technical  index 
for  MJL-HDBK-338,  "Electronics  Reliability  Design  Handbook". 

Electrostatic  Discharge  Susceptibility  Data.  VZAP-2  -  This  publication  presents  electrostatic 
discharge  susceptibility  data  and  analysis  of  integrated  circuits,  discrete  semiconductors  and 
selected  resistor  types.  This  is  an  update  to  the  1983  RAC  publication.  Electrostatic  Discharge 
Susceptibility  Devices,  VZAP-1. 

STATE  OF  THE  ART  REPORTS 

Work  was  completed  on  the  following  state-of-the-art  report: 

A  Primer  for  DoD  Reliabilirs'.  Maintainability  and  Safety  Standards  -  PRIM- 1 

This  publication  contains  descriptive  synopses  of  the  38  most  often  used  military  standards, 
specifications  and  handbooks  dealing  with  reliability,  maintainability  and  safety  currently  available. 
It  provides  a  concise  and  peninent  overview  of  the  most  important  military  documents  currently  in 
the  field.  PRIM-1  provides  the  user  with  a  single  reference  guide  to  the  applicability  and  use  of  the 
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most  pertinent  R,  M&S  military  documents.  This  publication  eliminates  the  necessity  of  ha%nng  to 
order  and  review  each  document  separately  to  determine  its  applicability  to  a  specific  program. 


Work  also  began  on  the  following  state-of-the-art  reports; 

Procedures  for  Fault  Tree  Analysis  -  This  work  will  consist  of  research  on  current  state-of- 
the-art  in  Fault  Tree  Analysis  techniques  and  the  development  of  a  clear,  easy  to  read  set  of 
procedures  illuminated  by  real  world  examples  and  guidance  relative  to  the  procurement  of  such 
services. 

Design  of  Experiments  -  The  objective  is  to  develop  a  statistical  siate-of-thc-an  repon  on 
Design  of  Experiments. 

Optoelectronics  -  Develop  a  state-of-the-art  report  which  will  provide  a  design  engineer  with 
reliability  information  to  guide  in  the  selection  and  application  of  optoelectronic  semiconductor 
devices. 

RELOCATION  OF  THE  RAC  OFFICES 

On  I  Augtist  1988,  the  Reliability  Analysis  Center  moved  to  off-base  facilities  at  the  request 
of  the  government.  The  move  involved  turning  in  all  government  owned  furniture,  and  arranging 
for  suitable  replacements.  The  move  was  well  planned  in  advance  and  arrangements  were  made 
for  the  transfer  of  telephones,  the  installation  of  new  computer  lines,  and  the  orderly  transition  to 
the  new  facilities  to  be  accomplished  over  the  weekend  for  a  minimal  amount  of  downtime  during 
normal  duty  hours. 

PROMOTIONAL  EFFORTS 

Work  was  completed  on  updating  the  RAC  Products  and  Services  Catalog.  The  catalog  was 
re-wntten  and  the  pages  arc  now  resident  on  a  RAC  Macintosh  computer.  The  various  pages  can 
now  be  updated  and  reproduced  in-house  with  much  greater  ease.  Sections  in  the  catalog  include; 

Full  Service  Participation  Plan 
Reliability  Publications 
Training  Courses 
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Product  Fee  Schedule 

-  Order  Forms 

A  copy  of  the  Products  and  Services  Catalog  is  included  in  /.^pendix  A. 

Scott  Brown  &  Company  were  hired  as  consultants  to  conduct  a  customer  survey  of  RAC 
Newsletter  customers  and  to  provide  feedback  to  enhance  the  RAC's  marketing  capabilities.  Their 
expertise  was  also  enlisted  to  produce  a  new  marketing  brochure  to  better  emphasize  RAC  products 
and  services.  The  brochure  was  approved  and  will  be  available  for  distribution  during  the  first 
quarter  of  FY'89. 

Concentrated  effons  in  the  expansion  of  Statistical  Process  Control/Total  Quality 
Management  (SPC/TQM)  capabilities.  The  staff  was  doubled  in  size  to  provide  additional 
capabilities  in  the  areas  of: 

•  Computer  Aided  Manufacturing 

•  Needs  Analysis 

•  Value  Engineering 

As  well  as  broadening  the  base  of  Management  and  Statistical  expertise  necessary  for  TQM, 
software  and  hardware  capabilities  were  also  expanded  with  the  additional  staff. 

A  chaner  was  developed  and  drafted  for  the  establishment  of  a  RAC  Technical  Advisory 
Group  (TAG).  The  objectives  of  the  TAG  arc  expected  to  be  as  follows: 

•  to  provide  a  broader  perspective  and  to  provide  feedback  to  the  strategic  planning 
process  for  the  RAC. 

•  to  maintain  and  enhance  the  credibility  of  the  RAC  as  the  DoD  central  source  for 
Reliability  and  Maintainability  data  and  information. 

•  to  increase  the  Reliability  and  Maintainability  community's  awareness  of  the  RAC  and  its 
capabilities. 

•  to  gam  more  extensive  user  input  on  specific  product  development  needs  and  feedback 
on  existing  products/services. 
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It  is  anucipated  that  the  TAG  will  have  an  approved  chaner.  members  chosen,  an  agenda 
completed,  and  a  meeting  scheduled  during  the  first  quarter  of  FY'’89. 

Four  RAC  Newsletters  were  prepared  and  distributed  during  FY'88  to  over  12,000  RAC 
users.  The  feature  article  and  subject  of  the  Technical  Brief  for  each  issue  is  shown  below  in 
Figure  2-1; 


ISSUE 

FEATURE  ARTICLE 

TECHNICAL  BRIEF 

Oct  87 

'The  80%  Solution" 
by  Steven  J.  Flint,  Director, 
Reliability  Analysis  Center  (RAC) 

N/A 

Feb  88 

"The  RAC  Contribution" 
by  Preston  R,  MacDiarmid, 

RADC  RAC  Program  Manager 

"Effects  of  Periodic  Testing  on 

Systems  Reliability"  by  David  Coit, 
Michael  Rossi,  and  David  Dekkers, 
RAC 

May  88 

"R&M  2000  Direction" 
by  Frank  S.  Goodell,  Brigadier 
General,  Special  Assistant  for  R/M, 
Headquarters,  USAF 

"Identifying  and  Capturing  Quality 
Costs"  by  Richard  Hurley,  RAC 

Sep  88 

"Reliability;  Where  are  the 
Universities?"  by  Fh'ofessor 

Marvin  L.  Roush,  Director,  Center 
for  Reliability  Engineering, 
University  of  Maryland 

"Reliability  Growth  Analysis  Using 
AMSAA  Model"  by  Davnd  Tyler  and 
David  Russell,  RAC 

FIGURE  2-1:  NEWSLETTER  FEATURE  ARTICLES  AND  TECHNICAL  BRIEFS 
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During  FY'88  the  RAC  engineering  staff  was  involved  in  26  unique  study  and  suppon 
projects  for  various  DoD  government  agencies.  Figure  2-2  shows  the  breakdown  of  those  special 
studies  within  DoD. 


Organization 

Completed 

Active 

Total 

Army 

2 

7 

9 

Air  Force 

0 

12 

12 

Navy 

0 

3 

3 

Other  Govt. 

0 

2 

2 

TOTALS 

2 

24 

26 

FIGURE  2-2;  BREAKDOWN  OF  SPECIAL  STUDIES  WITHIN  DOD 


2.2  Problems  Encountered 


No  significant  problems  were  encountered. 


30  USER  PRODUCTS  AND  SERVICES  INFORMATION 


Dunng  FY'88  four  issues  of  the  RAC  Newsletter  were  published  and  disseniinated,  each 
issue  to  over  12,000  individuals.  A  copy  of  the  September  RAC  Newsletter  is  included  in 
•Appendi.x  B.  Twelve  separate  training  course  flyers  were  distributed  to  over  12,000  individuals. 
Product  flyers  were  distributed  to  over  12,000  individuals  on  Microcircuit  Screening  Analysis 
(MDR-22)  and  Microcircuit  Screening  Data  (MDR-22A),  on  Discrete  Semiconductor  Device 
Reliability  (TiSR-d)  and  on  A  Primer  for  DoD  Reliability,  Maintainability  and  Safety  Standards 
(pRiM-n 

There  were  a  total  of  363  information  packages  mailed  as  a  result  of  phone  inquiries, 
magazine  advertisements,  requests  from  customers  and  requests  from  individuals  to  be  placed  on 
the  R,AC  mailing  listing. 

3.1  User  Services 

There  were  a  total  of  650  bibliographic  and  317  technical  (gratis)  inquiries  responded  to 
dunng  FY'88. 

A  project  was  completed  and  a  final  repon  delivered  to  CHEMFAB  for  a  part  stress  reliability 
prediction  on  a  Radomc  Inflation  System.  Total  value  was  $2,600. 

.A  project  was  completed  and  a  final  repon  delivered  to  Lifeline  Systems  lOr  performing  a  pan 
stress  reliability  prediction,  an  ESD  susceptibility  analysis,  and  an  FMECA  on  their  patient 
monitonng  system.  Total  value  was  $4,500. 

A  project  was  completed  for  Westinghouse.  The  task  called  for  data  contained  in  the  RAC 
daiub.ises  to  be  reformatted  on  tape  and  delivered  in  suppon  of  an  Air  For^'e  contract  to 
Westinghouse.  Total  value  was  $2,700. 

.An  ESD  analysis  of  selected  pans  for  Beech  Aircraft  was  completed  and  delivered.  Total 
value  was  S2,200. 

3.2  New  Products  Produced 

Four  new  pnxiucts  were  released  for  distribution  dunng  FY'88.  Tfiey  were  as  follows: 
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This  169  page  publication  makes  fallout  rate  data  on  integrated  circuits  available  to  RAC 
users.  This  data  can  be  used  as  a  baseline  to  define  typical  fallout  rate  values  as  a  function  of 
device  and  screen  stress  variables. 

Microcircuit  Screen  Data  -  MDR-22A 

This  publication  contains  375  pages  of  detailed  microcircuit  screening  data  used  to  develop 
the  analyses  of  MDR-22,  "Microcircuit  Screening  Analysis." 

Discrete  Semiconductor  Device  Reliability  -  DSR-4 

DSR-4  contains  detailed  field  and  test  reliability  data  on  a  wide  range  of  discrete 
semiconductor  devices,  liquid  crystal  displays,  and  photovoltaic  ceils.  The  data  is  organized  to 
facilitate  location  of  necessary  information  in  a  minimum  of  time. 

A  Primer  for  E)oD  Reliability.  Maintainability  and  Safety  Standards  -  PRIM-1 

This  publication  contains  descriptive  synopses  of  the  38  most  often  used  military  standards, 
specifications  and  handbooks  dealing  with  reliability,  maintainability  and  safety  currently  available. 
It  provides  a  concise  and  pertinent  overview  of  the  most  important  military  documents  currendy  in 
the  field. 


FY’88 

Databooks 

MDR-22 

( 1  per  year  required) 

MDR-22A 

DSR-4 

State  of  the  Art  Reports 
(2  per  year  required 

PRIM-1 

Critical  Review  &  Technology 
Assessments 

None 

(1  per  year  required) 

FIGURE  3-1;  PUBLICATIONS  MATRIX 
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3.3  Product  Sales 


Figure  3-2  shows  RAC  catalog  number,  product  tiilc,  and  quantity  distributed  for  FY'88: 


Catalog  No.  Title  Quantity  Distributed 

DSR-3  Transistor/Diode  Data  10 

DSR-4  Discrete  Semiconductor  Device  Reliability  193 

EEMD-1  Electronic  Equipment  Maintainability  7 

EERD-2  Electronic  Equipment  Reliability  Data  21 

FMDR-2 1 A  Diskette  Version  of  MDR-2 1 A  4 

FNPRD-3  Diskette  Version  of  NPRD-3  22 

MDR-14  Hybrid  Circuit  Data  10 

MDR-15  Digital  Microcircuit  Data  7 

MDR-18  Memory/LSI  Data  5 

MDR-19  Digital  SSl/MSI  Data  8 

MDFl-20  Linear  Interface  Data  9 

MDR-21  IC  Trend  Analysis  Databook  16 

MDR-2 1 A  IC  Field  Experience  Databook  1 8 

MDR-22  Microcircuit  Screening  Analysis  151 

MDR-22A  Microcircuit  Screening  Data  121 

MFAT-1  Microelectronics  Failure  Analysis  Techniques  63 

EOS- 1  1979  EOS/ESD  Proceedings  1 54 

EOS-2  1980  EOS/ESD  Proceedings  922 

EOS-3  1981  EOS/ESD  Proceedings  134 

EOS-4  1982  EOS/ESD  Proceedings  89 

EOS-5  1983  EOS/ESD  Proceedings  99 

EOS-6  1984  EOS/ESD  Proceedings  273 

EOS-7  1985  EOS/ESD  Proceedings  204 

EOS-8  1986  EOS/ESD  Proceedings  436 

EOS-9  1987  EOS/ESD  Proceedings  84 

NONOP- 1  Nonoperating  Reliability  Data  207 

NPRD-3  Nonelectronic  Parts  Reliability  Data  235 

NPS-1  Analysis  Techniques  for  Mechanical  Reliability  45 

PRIM- 1  A  Pruner  for  DoD  Reliability  Maintainability  &  Safety  Standards  1 17 

RAC-NRPS  Nonoperating  Reliability  Prediction  Software  14 

RDH-376  Reliability  ensign  Handbook  139 

SOAR-2  Practical  Statistical  Analysis  for  the  Reliability  Engineer  47 

SOAR-3  IC  Quality  Grades:  Impact  on  System  Reliability  and  Life  Cycle  Costs  47 

SOAR-4  Cor.fidence  Bounds  for  System  Reliability  26 

SOAR-5  Surface  Mount  Technology:  A  Reliability  Review  252 

SOAR-6  ESD  Control  in  the  Manufacturing  Environment  91 

TRS-1  Microcircuit  Screening  Effectiveness  8 

TRS-2  Search  &  Retrieval  to  IRPS  Proceedings:  1968-1978  3 

TRS-2A  Search  &  Retrieval  to  IRPS  Proceedings:  1979-1984  4 

TRS-3A  EOS-ESD  Technology  Abstracts  1 

TRS-4  Search  &  Retrieval  Index  to  EOS/ESD  Proceedings:  1979-1984  4 

TRS-5  Search  &  Retrieval  Index  to  ISTFA  Proceedings:  1978-1985  7 

VZAP- 1  Electrostatic  Discharge  Susceptibility  Data  ==ii 

TOTAL  4.331 


FIGURE  3-2:  RAC  DOCUMENT  DISTRIBUTION  FY’88 
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3.4  I^jblications  Reprinted 


Additional  quantities  of  the  following  RAC  publications  were  reprinted  to  meet  order 
demands: 


Publication 

Title 

No.  Reorinted 

SOAR-2 

Practical  Statistical  Analysis  for  the  Reliability  Engineer 

200 

NPRD-3 

Nonelectronic  Parts  Reliability  Data 

300 

SOAR-5 

Surface  Mount  Technology:  A  Reliability  Review 

450 

RDH-376 

Reliability  Design  Handbook 

300 

3.5  Mectings/Conferences  Attended 

A  total  of  106  meetings  and  conferences  were  anended  by  personnel  from  the  Reliability 
Analysis  Center.  Most  of  the  these  meetings  were  in  suppon  of  special  studies  projects.  Other 
meetings/conferences  attended  included: 

J.  Carey,  D.  Tyler,  and  R.  A.  Crisafulli  visited  Sacramento,  CA  on  7-1 1  December  to  do  a 
series  of  RAC  capabilities  presentations. 

W.  Crowell  traveled  to  several  organizations  in  the  Cleveland  area  during  January  of  1988  to 
collect  reliability  data  on  various  parts  types  for  the  RAC  databases. 

S.  Flint  met  with  Dr.  .Marvin  Roush.  Chairman  of  University  of  Maryland's  Reliability 
Engineering  Department .  on  21  .April  i988  to  discuss  RAC  services. 

J.  Carey  and  W.  Denson  traveled  to  Raytheon  in  Andover,  MA  on  25-27  April  to  collect  data 
for  the  RAC. 

B.  Denson  met  with  Gerard  Collas  of  Bull  (in  France)  during  May  of  1989  at  the  IIT 
Research  Institute  Beeches  Technical  Campus  to  discuss  RAC  data. 


S.  Flint  and  W.  Denson  met  with  two  Korean  visitors  (guests  of  RADC)  during  June  of 
1988  to  discuss  RAC  services. 

S.  Flint  and  C.  Carroll  traveled  to  Picatinny  Arsenal  in  Dover,  NJ  to  do  a  RAC  capabilities 
presentation  the  last  week  of  June  1988. 

N.  Fuqua  and  S.  Kus  traveled  to  Warner  Robins  Air  Logistics  Command  to  conduct  a 
Reliability  and  Maintainability  Training  Seminar  on  21-23  June  at  Robins  AFB,  GA 

S.  Flint  attended  the  annual  DLA  lAC  Manager’s  Meeting  at  Johns  Hopkins  University  in 
Baltimore,  MD  on  14  and  15  July,  1988. 

J.  Carey  and  D.  Tyler  gave  a  RAC  capabilities  briefing  at  the  Ogden  Air  Logistics  Center  at 
Hill  AFB,  OK  on  17  July  1988. 

J.  Carey  and  D.  Tyler  gave  a  RaC  capabilities  briefing  at  the  San  Antonio  Air  Logistics 
Center  at  Kelly  AFB,  TX  on  21  July  1988. 

W.  Crowell,  N.  Pfrimmer,  and  K.  Lindquist  attended  the  EOS/ESD  Symposium  in 
Anaheim,  CA  on  26-30  September  1988. 

3.6  Training  Courses 

During  FY'88  a  total  of  eleven  (11)  Design  Reliability  Training  Courses  (DRTC),  three  (3) 
Statistical  Process  Control  (SPC)  Training  Courses,  and  six  (6)  Testability  Practices  Today  (TPT) 
Training  Courses  were  presented.  The  following  is  a  list  of  locations,  dates,  attendance  and  type 
of  course  presented. 


Course 

Location 

Dates 

Attendance 

Iyes 

DRTC 

Nilsen  Industries  Ltd 
Victoria,  Australia 

10/12-10/15/87 

24 

On-site 

TPT 

Quality  Inn 

Syracuse,  NY 

10/13-10/15/87 

17 

Open 

DRTC 


Nilsen  Industries  Ltd 
Melbourne,  Australia 


10/19-10/22/87 


20 


On-site 


DRTC 

Avibras  Aerospace  Indust.. 

S.  J.  Campos  SP,  Brazil 

i  i/i6-I  i/i9/'o7 

39 

On-site 

TPT 

Town  &  Country  Hotel 

San  Diego,  CA 

11/17-11/19/87 

12 

Open 

DRTC 

Marriott  Hotel 

Orlando,  PL 

12/7-12/10/87 

58 

Open 

SPC 

Marriott  Hotel 

Orlando,  FL 

12/7-12/10/88 

8 

Open 

DRTC 

Naval  Avionics  Center  • 
Indianapolis,  IN 

1/11-1/14/88 

60 

On-site 

DRTC 

Varian  Associates 

Palo  Alto,  CA 

2/1-2/4/88 

28 

On-site 

DRTC 

Swedish  Space  Corp. 
Stockholm,  Sweden 

2/11-2/25/88 

21 

On-site 

DRTC 

Town  &  Country  Hotel 

San  Diego,  CA 

3/14-3/17/88 

47 

Open 

SPC 

Town  &  Country  Hotel 

San  Diego,  CA 

3/14-3/17/88 

10 

Open 

TPT 

Holiday  Inn 

Orlando,  FL 

3/29-3/31/88 

16 

Open 

TPT 

Govt,  of  India 

New  Delhi,  India 

4/13-4/15/88 

30 

On-site 

TPT 

Govt,  of  India 

Bangalore,  India 

4/18-4/20/88 

30 

On-site 

DRTC 

Naval  Avionics  Center 
Indianapolis,  IN 

5/2-5/5/88 

35 

On-site 

SPC 

Omni  Virginia  Beach  Hotel 
Virginia  Beach,  VA 

6/6-6/9/88 

14 

Open 

DRTC 

Omni  Virginia  Beach  Hotel 
Virginia  Beach,  VA 

6/6-6/9/88 

40 

Open 

TPT 

Virginia  Beach  Plaza  Hotel 
Virginia  Beach,  VA 

7/12-7/14/88 

17 

Open 

DRTC 

Naval  Air  Engineering  Ctr.  * 
Lakehurst,  NJ 

8/22-8/25/88 

30 

On-site 

*  Revenue  reflected  as  special  study;  not  user  receipts 
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4.0  BASIC  RAC  DEVELOPMENT  EFFORTS 


During  the  past  year  the  Management  Information  System  (MIS)  at  the  RAC  has  grown  from 
a  small  check  processing  system  to  an  integrated  and  self-supporting  information  system.  RAC 
contacts,  including  those  from  product  sales,  training  course  attendance,  data  sources,  symposium 
contacts,  surveys,  magazine  responses,  and  those  requesting  information  have  been  consolidated 
into  one  centralized  contact  file.  From  this  contact  file,  the  RAC  is  now  able  to  better  target  those 
individuals  and  companies  which  require  reliability  information  and  help  determine  the  needs  of  the 
overall  reliability  community.  Integrated  with  contact  information  was  the  capability  to 
automatically  track  and  report  on  product  sales/inventory,  training  course  attendance,  service 
requests,  advertising  effectiveness,  sales  trends,  and  customer/contact  growth. 

A  computerized  history  of  RAC  training  courses  was  also  completed,  along  with  new 
capabilities  for  monthly  reporting,  and  automation  of  the  databook  inventory. 

The  RAC  has  instituted  off-site  storage  of  backup  tapes,  course  slides,  and  other  essential 
materials. 

With  the  RAC  relocation,  the  RAC  Library  was  completely  revamped.  All  out-of-date 
documents  were  weeded  out,  the  physical  layout  was  changed,  and  the  backlog  of  library 
documents  waiting  for  input  was  eliminated.  The  library  is  now  completely  automated  and 
contains  an  abstract  for  each  document. 

Data  acquisition  personnel  visited  approximately  50  different  companies  and  government 
agencies  in  an  effort  to  promote  the  RAC  and  collect  data. 

Work  has  continued  on  development  of  RAC  databases.  With  the  advent  of  the  new 
databook  entitled,  "Electrostatic  Discharge  Susceptibility  Data"  (VZAP-2)  the  VZAP  database  has 
more  than  doubled  in  size. 

Current  status  of  the  various  RAC  databases  is  shown  in  Figure  4-1: 
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Database 

Software  Status 

Data  Status 

Future  Direction 

IC 

Active 

Backlog  -  6900 
records 

Continue  and  add  VZAP 
damage  threshold 

VZAP 

Active 

Current 

Continue,  merge  with  IC 
&  Discrete 

Non-Electronic 

Updating  File  Structure 

No  Backlog 

Expand  Scope  and  Data 
Collection 

Discrete 

Updating  File  Structure 

No  Backlog 

Expanding  Opto  Section 
&  add  VZ/^  threshold 
data  and  data  collection 

Library 

Active 

No  Backlog 

Continue 

Hybrid 

N/A 

N/A 

Unknown 

Parts  Breakdown 

Active 

No  Backlog 

Continue 

System  RAM 

Active 

No  Backlog 

Data  collection 

FIGURE  4-1:  RAC  DATABASE  STATUS 


Much  work  was  completed  in  the  area  of  dcveloping/upgrading  promotional  materials.  The 
revamp  of  the  RAC  Newsletter  continued  with  favorable  responses.  The  RAC  Products  and 
Services  Catalog  was  automated  on  the  RAC  desktop  publishing  system  for  ease  of  changes. 
Based  on  recommendations  and  advice  from  a  consultant,  a  new  capabilities  brochure  was 
developed  and  will  be  available  for  distribution  in  FY’89. 


Three  new  handbooks/databooks  and  one  new  state  of  the  art  report  were  released  for 
distribution  during  FV'SS.  Work  began  on  two  handbooks/databooks  and  three  state  of  the  art 
reports. 
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5.0  SPECIAL  STUDIES 


5 . 1  Current  Projects 

All  new  special  studies  started  during  the  current  contract  are  listed  below,  including  name, 
sponsor,  IITRI  project  number,  RADC  project  number,  applicable  SOW  paragraph,  level  of 
funding  for  FY'88  and  a  brief  description. 

SPC  For  Selected  Pilot  Production  Areas  -  Naval  Avionics  Center,  ll  l  RI  Project  A06239  - 
R-003,  SOW  Para  4. 1.4.4.  Level  of  Funding  -  $157,402 

The  objective  of  this  project  is  to  provide  success  in  at  least  six  pilot  areas  by  employing  SPC 
and  provide  an  implementation  plan  that  this  Center  will  use  in  employing  SPC  throughout  the 
Center.  The  desired  goal  of  this  program  is  to  improve  productivity  by  increasing  quality  as  well 
as  to  provide  objective  techniques  based  on  data  to  continuously  improve  all  points  within  a 
process  by  identifying  and  reducing  sources  of  variability. 

Reliability  Support  for  EP/TAB  Devices  -  U.  S.  Army,  ARDEC,  IITRI  Project  A06240  -  R- 
001,  SOW  Paras  4. 1.4.2,  4. 1.4.7.  Level  of  Funding  -  $52,225 

The  Reliability  Analysis  Center  is  supporting  the  RAM  assessment  of  a  Tape  Automated 
Bonding  (TAB)  process  utilized  to  manufacture  hybrid  integrated  circuits.  This  technology  is 
being  considered  for  a  "sman"  munitions  application.  RAC  efforts  have  included  the  development 
of  an  environmental  test  program  and  an  industry  survey  to  determine  current  TAB  manufacturers 
and  processes.  Interpretation  and  analysis  of  this  information  will  assure  with  some  confidence 
that  a  reliable  product/technology  is  being  designed  and  accepted  for  use  in  smart  munitions. 


Computerized  Shelter  Database  -  Pha.se  I  -  U.  S.  Army  Natick  Research  and  Development 
Engineering  (Tenter,  IITRI  Project  A06241  -  R-002,  SOW  Para  4.1.4.19.  Level  of  Funding  - 
$100,863. 

The  objective  of  this  effort  is  to  develop  a  database  consisting  of  maintainability  information 
on  the  FSC  541 1  family  of  shelters.  Emphasis  was  placed  on  developing  a  database  to  include 
shelter  data  from  the  Air  Force,  Army,  Navy  and  Marine  Corps.  Each  service's  data  reporting 
system  is  being  examined  to  determine  the  type  and  quantity  of  shelter  data  being  reported. 


SPC  Assessment  and  Planning  -  U.  S.  Army.  Watervliet  Arsenal.  (WVA)  IITRI  Project 
A06243  -  R-005.  SOW  Para  4. 1.4.4.  Uvel  of  funding  -  $189,936. 

The  objective  of  this  project  is  to  assess  WVA  manufacturing  and  administrative  aspects, 
determine  appropnate  techniques  and  develop  training  program  options  together  with  an  outline  of 
the  long  term  SPC  program. 

Technical  Suppon  to  Letterkennv  Army  Depot  (LEAD)  -  U.  S.  Army,  ARDEC,  IITRI 
Project  A06244  -  R-006,  SOW  Paras  4.1.4.15  and  4.1.4.16.  Uvel  of  funding  -  $192,150. 

The  objective  of  the  overall  effon  is  to  integrate  quality,  reliability,  and  maintainability 
functions  into  the  Utterkenny  Evaluation,  Analysis,  and  Planning  (LEAP)  Program.  Working 
with  the  Utterkenny,  Production  Based  Modernization  Agency,  and  ARDEC  personnel,  the 
support  includes  the  following:  assistance  in  development  of  program  scope  and  plans  for  the 
integration  of  RAM  and  QA  into  LEAP  program  information  systems;  identification  of  requisite 
input  and  output  parameters,  process  specification,  and  data  storage  reliability  needed  to  effect  the 
collection  and  reporting  of  accurate  and  timely  process  infonmatioii;  definition  of  system  functional 
requirements  as  criteria  for  the  design  and  implementation  phases. 

Feedback  Analysis  Network  (FAN)  -  Phase  III  -  U.  S.  Army  AMCCOM,  IITRI  Project 
A06246  -  R-027,  SOW  Paras  4.1.4.19  and  4. 1.4.7.  Uvel  of  funding  -  $297,000. 

The  objective  of  this  effort  is  to  provide  maintenance,  user  support  and  system  expansion  of 
the  system  previously  developed  for  Phase  II.  The  Feedback  Analysis  Network  (PAN)  has  been 
developed  in  response  to  a  need  to  empirically  prioritize  end  item  improvement  needs. 
Improvement  programs  include  Product  Improvement  Programs  (PIPs),  Material  Testing 
Technology  (MTTs),  etc.  The  concept  expanded  to  include  lessons  learned  and  cost  information. 

Production  Readiness  Enhancement  Program  (PREP)  1988  -  U.  S.  Army,  Munitions 
Production  Base  Modernization  Agency  (MPBMA),  IITRI  Project  A06247  -  R-015,  SOW  Paras 
4, 1 .4.6,  4. 1 .4.3,  4. 1 .4.4.  Uvel  of  funding  -  $475,000. 

The  objective  of  this  program  is  to  assist  .MPBMA  in  integrating  readiness,  reliability, 
availability,  maintainability  and  quality  into  the  U.  S.  Army  Munitions  Production  Base.  The  tasks 
as.sociated  with  PREP  are  as  follows:  definition  of  RAM  requirements  at  each  life  cycle  stage  of 
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munitions  production  facilities  planning,  design,  implementation,  use,  layaway  and  reacuvanon; 
support  of  engineering  project  managers  in  the  RAM  disciplines;  suppon  instituuonaiizauon  of 
Quality  and  Reliability  into  the  PBMA  environmenL 


Total  Quality  Management  -  U.  S.  Naval  Supply  Center,  UTkl  Project  A06249  -  R-009, 
SOW  Para  4. 1.4.4.  Level  of  funding  -  $137,917. 

The  objective  of  this  program  is  to  implement  Phase  I  (over  a  one-year  period)  of  a  Total 
Quality  Management  (TQM)  approach  to  continuous  improvement  at  Naval  Supply  Center  (NSC), 
to  prototype  TQM  in  three  pilot  areas,  and  to  position  NSC  for  successful  implementation  of  TQM 
across  NSC. 


R&M  Support  for  Airoon  Surface  Detection  Equipment  (ASDE-3)  -  Federal  Aviation 
Administration  (FAA),  Surveillance  &  Weather  Sensors  Division,  ETTRI  Project  A06250  -  R-019, 
SOW  Paras  4. 1.4.2  and  4. 1.4.4.  Level  of  funding  -  $27,070. 

The  objective  of  this  effort  is  to  continue  providing  the  FAA  with  Reliability  and 
Maintainability  (R/M)  support  during  acquisition  of  the  airpon  surface  detection  equipment 
systems.  These  systems,  designated  ASDE-3,  are  intended  to  replace  earlier  models  and  are 
targeted  for  25  sites  in  the  initial  acquisition  R/M  engineering  suppon  will  be  provided  throughout 
the  procurement  cycle  on  a  continuing  basis.  The  suppon  will  consist  of  R/M  documentation 
review  and  analysis,  data  collection  review  and  analysis,  and  liaison  and  consultation  as  necessary 
with  both  the  FAA  and  United  Technologies,  Norden  Systems  Division,  the  ASDE-3  contractor. 
The  objective  of  this  effort  is  to  give  the  FAA  timely  and  accurate  analyses  of  the  contractor’s  data 
items.  Without  these  inputs  the  FAA  will  not  be  in  a  position  to  make  decisions  regarding 
program  direction  at  the  most  appropriate  times. 


Printed  Wiring  Board  Reliability  -  U.  S.  Air  Force,  RADC/RBER,  DTRI  Project  A06253  - 
R-008,  SOW  Para  4.1.4.10.  Level  of  funding  -  $20,000. 

The  objective  of  this  project  is  to  review  and  improve  printed  wiring  board  reliability 
techniques  and  associated  standards,  primarily  through  attendance  at  professional  seminars  and 
specification  review,  preparation,  and  update. 
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Mass  Spectrometer  -  U.  S.  Army  AMCCOM,  IITRI  Project  A06254  -  R-007.  SOW  Para 
4, 1,4.9.  Level  of  Funding  -  $27,146. 

Tins  effon  involves  performing  a  reliability  analysis  on  the  Mobile  Mass  Spectrometer  \LMI 
produced  by  Bruker-Franzen  Analytik  GmbH,  Bremen,  West  Germany,  under  procurement  by  the 
United  States  Army.  The  intent  is  to  assist  the  U.  S.  Army  and  Bruker-Franzen  Analytik  GmbH 
with  improving  the  Field  Reliability  of  the  MMl  Mobile  Mass  Spectrometer  by  suggesting  design 
improvements,  based  on  the  results  of  a  Failure  Modes  Effects  &  Criticality  Analysis  CFMECA)  to 
be  performed. 

Reliability  Suppon  of  the  AN/ALO-184(V')  ECM  POD  for  WR-ALC  -  U.  S.  Air  Force, 
llTRI  Project  A06255  -  R-012,  SOW  Paras  4.1.4. 1  and  4.I.4.4.  Uvel  of  funding  -  $225,000. 

The  project  objective  is  to  provide  R/M  expertise  in  suppon  of  the  development  of  the 
AN7ALQ-184(V)  ECM  POD.  The  result  will  be  a  more  reliable  and  maintainable  ECM  POD. 
Specific  objectives  include  determination  of  actual  RAl  growth,  specification  of  environmental 
facilities  for  R/M  growth  and  R/M  data  collection  and  management. 

NAVSEA  ESP  Control  Program  -  Naval  Sea  Systems  Command,  ITTRI  Project  A06257  - 
R-022,  SOW  Para  4.1.4.12.  Level  of  funding  -  $36,158. 

The  project  objective  is  to  provide  technical  assistance  to  Naval  Sea  Systems  Command  in  the 
establishment  and  maintenance  of  an  Electrostatic  Discharge  Control  Program. 


Reliability  Centered  Maintenance  (RCM 1  Data  Analysis  Center  -  U.  S.  Marine  Corps,  DTRI 
Project  A06263  -  R-017,  SOW  Para  4.1.4,14  and  4.1.4.19.6.  Uvel  of  funding  -  $284,446. 

This  project  objective  is  to  perform  FMEA  and  RCM  Analyses  on  Marine  vehicles  and 
ground  support  equipment  to  develop  tailored  maintenance  programs  and  to  develop  a 
reliability/maintainability  tracking  system. 
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Fault  Isolation  and  BIT  Analysis  of  the  MILSTAR  Mission  Control  Element  (MCE)  -  U.  S. 
Air  Force  -  AFSOSD,  IITRI  Project  A06264  -  R-023,  SOW  Para  4. 1. 4.3.  Level  of  funding  - 
$200,000. 

The  objective  of  this  project  is  to  determine  current  fault  isolation  levels,  maximum  obtainable 
fault  isolation  levels  and  a  realistic  MTBF  for  the  MILSTAR  Mission  Control  Element  (MCE). 

Reliabilitv/Maintainabilitv  Technology  Transition  -  U.  S.  Air  Force,  RADC/RBE,  IITRI 
Project  A06265  -  R-028,  SOW  Para  4.1.4,  4.1.10,  4.1.19,  and  4. 1.6.4.  Level  of  funding  - 
$20,000. 

The  RAC  is  supporting  RADC  efforts  to  standardize  and  institutionalize 
Reliability/Maintainability  within  the  U.  S.  Air  Force.  In  RADC's  role  as  DoD  Lead 
Standardization  Activity  for  R&M  standardizadon,  they  engage  from  time  to  time  in  activities 
which  benefit  from  the  RAC's  experience  in  technology  transfer,  and  from  the  wide  audience  RAC 
materials  receive. 

Quality  Productivity  for  Depot  Repair  (AG MCI  -  U.  S.  Air  Force,  IITRI  Project  A06274  -  R- 
029,  SOW  Paras  4.1.3.6,  4.1.4.4,  4.1.4.15,  4.1.4.14,  2.6.1.  Uvel  of  funding  -  $93,521. 

To  develop  Statistical  Process  Control  (SPC)  unoer  the  Deming  management  philosophy  to 
maintenance  workloads  including  the  displacement  gyro  system,  through  training  and  program 
guidance  in  SPC.  To  introduce  new  screening  procedures  to  diagnose  and  prevent  poor  reliability 
guidance  systems  from  being  introduced  to  field  use  following  maintenance,  using  SPC 
procedures  developed  for  repair/overhaul. 

Design  Definition  For  a  Micro-Time  Stres.s  Measurement  Device  -  U.  S.  Air  Force. 
RADC/RBET,  IITRI  Project  A06279  -  R-031,  SOW  Paras  4. 1.4. 1  and  4.1.4.14.  Level  of 
funding  -  $205,675. 

To  conduct  the  Design  Definition  phase  for  the  full  scale  development  of  hybrid  micro 
TSMDs  which  will  be  suitable  for  mounting  on  avionics/electronic  circuit  boards/modules. 
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Computer  Engineering  Curricula  (H’D  -  U.  S.  Air  Force,  RADC/RBET,  H  l'RI  Project  A06280  R- 
033,  SOW  Paras  4.1. 3.6  and  4.I.4.4.  Level  of  funding  -  $14,250. 

The  object  of  this  effort  is  to  develop  standards  for,  and  the  content  of,  RM&T  training 
which  can  be  integrated  into  an  ECE  curriculum  and  apply  it  in  a  test  application  at  Florida  Institute 
of  Technology. 

.V1IL-STD-471A  Update  -  U.  S.  Air  Force,  RADC/RBET,  ITTRI  Project  A06281  -  R-032, 
SOW  Para  4.1.4.10.  Level  of  funding  -  $33,250. 

The  object  of  this  effort  is  to  prepare  an  updated  version  of  MIL- STD-471. 

Field  Failure  Return  Program  (FFRP)  -  U.  S.  Air  Force,  RADC/RBRE,  ITTRI  Project 
A06283  -  R-036,  SOW  Paras  4. 1.4.7  and  4.1.4. 19.  Level  of  funding  -  $28,500. 

The  purpose  of  the  FFRP  is  to  esublish  and  operate  a  clearinghouse  for  failure  reporting  and 
corrective  actions  on  microcircuits  which  fail  during  operation  in  DOD  equipment. 

Reliability  Suppon  for  WR-ALC  Vehicle  Management  Division  -  U.  S.  Air  Force,  IITRI 
Project  A06290  -  R-039,  SOW  Paras  4. 1.4, 4  and  4.1.4.17.  Level  of  funding  -  $9,852. 

The  purpose  of  this  project  is  to  provide  R&M  engineering  suppon  to  integrate  R&M  2000 
objectives  into  the  procurement,  operation  &  maintenance  of  AF  suppon  vehicles. 

EOS/ESD  Failure  Analysis  Training  -  U.  6.  Air  Force,  Aerospace  Guidance  &  Metrology 
Center.  ITTRI  Project  A06293  -  R-030,  SOW  Para  4. 1.4. 12.  Level  of  funding  -  $16,521. 

The  purpose  of  this  effort  is  to  assist  Newark  AFB  in  the  training  of  their  personnel  to 
conduct  failure  analysis  of  pans  failing  from  electrostatic  discharge  (ESDI  and  electncaJ  overstress 
(EOS). 
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Preparation  cf  R&M  Guidebook  on  Motivation  Principle  -  U.  S.  Air  Force,  RADC/'RBE, 
IITRI  Project  A06294  -  R-026,  SOW  Paras  4. 1.3.1  and  4.1.4.10.  Level  of  funding  -  $57,000. 

The  object  cf  this  effon  is  to  prepare  a  manual  explaining  the  R&M  2000  Motivation 
Principle  and  provide  guidance  and  techniques  for  implementing  its  precepts. 

5 . 2  Completed  F*rojects 

Logistics  Readiness  (RAM'l  System  -  U.  S.  Army,  Army  Research  and  Pevelopment  Center 
(ARDC),  IITRI  Project  A06238  -  R-004.  SOW  Para.  4.1.4.19.  Level  of  funding  -  $317,063. 

Tliis  project  supported  the  U.  S.  Army  (ARDC)  Battlefield  and  Suppon  Division  through  the 
development  of  a  Logistic  Readiness  (RAM)  System  capable  of  achieving  a  high  level  of  field 
operational  readiness  in  a  cost-effective  manner.  This  system  supponed  the  materiel  logistic 
process  by  establishing  and  maintaining  a  current  and  readily  accessible  data  base  of  regulations, 
requirements,  specification  and  RAM  characteristics  relative  to  component  and  materiel  items  in  the 
Army's  inventory.  The  overall  function  of  the  RAM  system  was  to  provide  a  paperless 
management  tool  which  reduced  the  administrative  time  required  to  issue  and  monitor  a  request  for 
matenel. 


AMAS  Reliabilirv  Assessment  and  Enhancement  -  U.  S.  Army  AMCCOM,  IITRI  Project 
A06252  -  R-018,  SOW  Para  4.I.2.3.  Level  of  funding  -  $500,000. 

The  objectives  of  this  proposed  study  were;  to  develop  a  methodology  for  reliability  and 
availability  assessment  of  combined  hardwarc/software  systems,  to  apply  this  methodology  to  the 
■Automated  Material  System  (AMAS),  and  to  modify  or  enhance  the  system  to  realize  the  full 
benefits  of  the  reliability  analysis. 


6.0  HNAN’CIAL  SUMMARY  FY'88 


Operating  expenditures  for  carrying  out  the  Reliability  Analysis  Center's  on-going 
operational  functions  and  satisfying  individual  user  inquiry  and  study  requiremnents  for  the  year 
totalled  $  4,178,753.  Funding  for  FY'88  to  date  from  all  sources  amounted  to  $4,863,502.  The 
breakdown  in  RAC  funding  is  listed  below. 


Core  RAC  (DTIC  &  RADC)  $  541 ,495. 

Special  Studies  3,903,462. 

Technical  Inquiries  30,252. 

Products  &  Services  145,899. 

Training  Courses  242.394. 


TOTAL 


$  4.863.502. 


Funding  for  Special  Studies  is  further  broken  down  in  Figure  6-1. 


nTRI  RADC 

PROJ  #  pro;  #  PROreCTS/TASKS  INCOME 


A06237 

N/A 

SPECIAL  STUDIES  ADMIN  &  MGMT 

$  185,517 

A06238 

R-004 

LOGISTICS  READINESS  (RAM)  SYSTEM 

$  317,063 

A06239 

R-003 

SPC  FOR  SELECTD  PILOT  PROD  AREAS 

S  157,402 

A06240 

R-OOl 

REL  SUP  FOR  EP/TAB  DEVICES 

S  52.225 

A06241 

R-002 

COMPUTERIZED  SHELTER  DATABASE 

$  100.863 

A06243 

R-005 

SPC  ASSESSMENT  AND  PLANNING 

$  189,936 

A06244 

R-006 

TECHNICAL  SUP*>ORT  LETTERKENNY 

$  192,150 

A06246 

R-027 

FEEDBACK  ANALYSIS  NETWORK 

$  297,000 

A06247 

R-015 

PREP-88 

S  475,000 

A06249 

R-009 

NAVAL  SUPPLY  CENTER  SPC 

$  137,917 

A06250 

R-019 

RAM  SUPPORT  (ASED-3) 

S  27,070 

A06252 

R-018 

AMAS  REL  ASSESS  &  ENHANCEMENT 

5  500.000 

A06253 

R-008 

PRINTED  WIRING  BOARD  RELIABILITY 

S  20,000 

A06254 

R-007 

MASS  SPECTROMETER 

S  27,146 

A06255 

R-012 

AN/ALQ-184  (ROBINS  AF3,  GA) 

5  225.000 

A06257 

R-022 

NAVSEA  ESD  CONTROL  PROGRAM 

S  36.158 

A06263 

R-017 

REL.  CNTRD.  MAINT.  DATA  ANAL  CTR 

S  284.446 

A06264 

R-023 

FAULT  ISOL.  &  BIT  ANAL  -  MILSTAR 

5  200,000 

A06265 

R-028 

RFIVMAINT  TECHNOLOGY  TRANSITION 

S  20,000 

A06274 

R-029 

QUAL  PROD  FOR  DEPOT  REPAIR  AGMC 

S  93.521 

A06279 

R-031 

DSGN  DEFINITION  FOR  A  MICRO  TSMD 

S  205.675 

A06280 

R-033 

FIT  SUPPORT-ECE  CURRICULA 

5  14.250 

A06281 

R-032 

MIL-STD^71A  UPDATE 

S  33.250 

A06283 

R-036 

EST  A  DOD  FIELD  FAILURE  RTN  PROG 

$  28,500 

A06290 

R-039 

REL  SUP  WR-ALC  VHCLE  MGMT  DIV 

S  9,852 

A06293 

R-030 

EOS/ESD  FAILURE  ANALYSIS  TRAINING 

5  16.521 

A06294 

R-026 

PREPARATION  OF  R&M  2000  GUIDEBK 

S  57,000 

GRAND  TOTAL  PROJECTS  53,903,462 

FIGURE  6-1:  SPECIAL  STUDIES  FUNDING  FOR  FY'88 
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7 . 0  INFORMATION  FROM  lAC  USERS 


The  RAC  instituted  a  custonicr  survey/feedback  function  in  which  a  RAC  customer  service 
representative  contacted  a  specific  segment  of  customers  who  had  purchased  a  particular  jjroduct, 
i.e.,  handbook/databook,  state-of-the-an  nepon,  etc.  The  information  gained  from  these  surveys 
will  be  used  to  further  enhance  the  development  of  future  RAC  products. 

A  Project  Close  Out  Form  was  implemented  to  solicit  customer  comments  on  the  technical 
quality,  performance  schedule,  return  on  resources  provided,  and  additional  comments  as  required 
on  all  RAC  Special  Studies.  Comments  received  on  the  forms  during  FTSS  were  favorable. 

The  RAC  has  instituted  an  agreement  with  Information  Handling  Services  to  distribute  copies 
of  all  RAC  handbooks/databooks  and  stateof-the-art  reports  on  microfiche. 

7.1  User  Feedback  on  lAC  Services 

A  total  of  4,331  books  and  services  were  ordered  in  FY’88.  In  addition,  26  special  studies 
were  undertaken  for  Government  customers  and  20  training  courses  were  presented  to  an  audience 
of  556  students. 

Additionally,  examples  of  two  user  letters  received  during  this  reporting  period  are  included 
in  Appendix  C. 

7.2  User  Surveys 

A  telephone  survey  was  conducted  among  customers  who  purchased  the  RAC  document 
entitled,  "Nonoperating  Reliability  Data",  NONOP- 1.  A  sampling  of  17.2  %  of  those  who 
purchased  NONOP- 1  were  selected  to  be  contacted.  Of  the  sampling  selected,  65%  were  contacted 
directly  and  were  asked  the  following  questions": 

•  Did  they  receive  the  book  promptly? 

•  Was  the  book  what  was  expected? 

•  Did  the  book  address  the  required  needs? 

•  How  could  the  book  be  improved? 

•  What  other  databooks  would  be  helpful  in  their  job? 
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In  their  job.  what  kind  of  information  was  hardest  to  find? 

Did  they  have  any  general  comments  concerning  the  RAC  or  its  products  &  services? 


Ninety-five  percent  of  those  customers  who  were  polled  received  their  order  in  a  timely 
manner.  Sixty-five  percent  were  pleased  with  the  contents  of  the  product  Feedback  was  received 
on  suggested  improvements  to  NONOP- 1,  other  types  of  databooks  which  would  be  useful,  and 
general  comments  concerning  the  RAC  and  its  products  and  services.  Generally,  the  comments 
were  favorable  and  provided  useful  feedback  for  improving  future  products. 

A  customer  survey  on  the  effectiveness  of  the  RAC  Newsletter  was  conducted  for  RAC  by 
the  firm  of  Scott,  Brown  &  Co.  Results  of  this  survey  are  as  follows: 

•  Total  readership  of  the  RAC  newsletter  is  more  than  28,000. 

•  At  least  half  of  the  publication  is  read  by  86%  of  the  respondents. 

•  The  RAC  newsletter  is  providing  important  source  information  for  R&M  personnel. 

•  9 1  %  of  the  respondents  read  the  publication  at  work. 

•  The  publication  mme  than  holds  its  own  against  competing  technical  materials 

distributed  at  the  work  site. 

•  An  overwhelming  majority  of  the  respondents  reported  the  articles  were  wcll-wrirten, 

informative,  and  told  them  what  they  wanted  to  know. 

•  97%  of  the  respondents  reported  the  data  was  clear  and  concise. 

•  75%  of  the  respondents  spend  more  than  15  minutes  reading  the  publication. 


The  firm  also  concluded  that  the  RAC  newsletter  is  widely  read  by  its  audience  of  technical 
and  engineering  professionals  mainly  in  R&M.  It  meets  the  reader's  criteria  for  a  sound,  well- 
edited  technical  publication.  The  data  is  clear,  the  writing  concise,  and  the  data  sound  The  survey 
provided  clues  to  increased  readership  and  reader  acceptance. 

Scott,  Brown,  &  Co.  recommends  that  with  a  high  "pass-on"  readership,  the  reach  of  the 
publication  should  be  broadened.  Numerous  suggestions  and  requests  for  more  technical  data  and 
more  frequent  publication  of  the  newsletter,  together  with  its  extraordinary-  high  readership, 
reaffirms  the  fact  that  the  RAC  Newsletter  is  attuned  to  the  needs  of,  and  meets  the  criteria  of,  the 
R&M  industry. 
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8.0  RAC  PROFESSIONAL  STAFF 


The  following  technical  professional  staff  memebers  were  assigned  to  the  Reliability  Analysis 
Center  opeations  during  FY'88.  Personnel  supporting  RAC  less  than  50%  of  the  time  arc  not 
included  on  this  list  Titles  and  specialty  areas  arc  included. 


S.  Flint,  Manager  of  Research 
Director 

R.  Amo,  Associate  Engineer 

Nonelectronic  Parts  Reliability 

E.  Bolden,  Research  Engineer 
Systems  Reliability 

J.  Carey,  Research  Assistant 

Data  Acquisition 

C.  Carroll,  Research  Programmer  Analyst 

Systems  Integration,  Value  Engineering 

G.  Chandler,  Research  Assistant 
Reliability  Data 

D.  Coit,  Manager  of  Research 

Nonclcctronic/Nonopcrating  System  Reliability 

C.  Cox,  Associate  Data  Analyst 

User  Awareness 

D.  Crossland,  Administrative  Supervisor 

Office  Management 

W.  Crowell,  Research  Assistant 
Data  Acquisition 

W.  Denson,  Research  Engineer 

Electrostatic  Discharge,  VLSI  Reliability 

K.  Dey,  Science  Advisor 

Statistics,  Quality  Productivity  Improvement 

W.  Doremus,  Senior  Engineer 
Production  Readiness 

D.  Dylis,  Research  Engineer 

Nonelectronic  Parts  Reliability,  Systems 

K.  Free,  Associate  Programmer  Analyst 
Systems  Analysis 


N.  Fuqua,  Senior  Engineer 

Component  and  Systems  Reliability,  Training  Course  Instructor 

M.  Hartz,  Science  Advisor 

Statistics,  Mathematical  Modeling 

K.  Henniger,  Assistant  Programmer  Analyst 
Systems  Analysis 

J.  Hill,  Associate  Engineer 

Microcircuit  Reliability 

K.  Huss,  Research  En^neer 

Systems  Reliability 

J.  Irving,  Research  Programmer  Analyst 

Systems  Analysis 

S.  Kus,  Research  Engineer 

Systems  Reliability,  Training  Course  Instructor 

K.  Lindquist,  Division  Administrative  Assistant 

Administrative  Support,  Systems  Analysis 

D.  Mahar,  Associate  Engineer 
Microcircuit  Reliability 

N.  Pfirimmer,  Division  Administrative  Assistant 

Training  Courses  and  Workshops,  Marketing  and  User  Awareness 

M.  Priore,  Associate  Engineer 
Microcircuit  Reliability 

B.  Radigan,  Research  Assistant 
Systems  Analysis 

D,  Rash,  Associate  Engineer 
Microcircuit  Reliability 

J.  Reed,  Associate  Data  Analyst 
Systems  Analysis 

R.  Sadlon,  Associate  Engineer 
Mechanical  Reliability 

J.  Saporito,  Associate  Engineer 

Systems  Reliability,  Testability 

D.  Tyler,  Associate  Engineer 

FMEA,  FMECA,  Systems  Reliability 

R.  Wanner,  Associate  Programmer  Analyst 
RACIS  Coordinator,  Depot  Readiness 


R.  Wawrrusin,  Research  Engineer 

CAD/CAM/CIM,  Depot  Readiness 

S.  Wheat,  Assistant  Programmer  Analyst 

Systems  Analysis 

J.  Wilbur,  Research  Engineer 
RAC  Training  Courses 
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1988 

PRODUCT 

AND 

SERVICE 

CATALOG 


Reliability  Analysis  Center 

P.O.  aox  470Q  •  RotlM.  NY  13440-4200  •  (31S)  330-41S1  •  AV  587-4151 


The  information  and  data  contained  herein  have  been  compiled  from 
government  and  nongovernment  technical  reports  and  from  material 
supplied  by  various  manufacturers  and  are  intended  to  be  used  for 
reference  purposes.  Neither  the  United  States  Government  nor  IIT 
Research  Institute  warrant  the  accuracy  of  this  information  and  data.  The 
user  is  further  cautioned  that  the  data  contained  herein  may  not  be  used  in 
lieu  of  other  contractually  cited  references  and  specifications. 

Publication  of  this  information  is  not  an  expression  of  the  opinion  of  The 
United  States  Government  or  of  IIT  Research  Institute  as  to  the  quality  or 
durability  of  any  product  mentioned  herein  and  any  use  for  advertising  or 
promotional  purposes  of  this  information  in  conjunction  with  the  name  of 
The  United  States  Government  or  IIT  Research  Institute  without  written 
permission  is  expressly  prohibited. 
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R£L1ABIU7Y 

ANALYSIS 

CENTER 


P  0  3ox  4700.  Pome.  NY  13440-3200  •  315/330-4151 


Th«  Reliability  Analysis  Center  (RAC)  develops  and  offers  for  sale  State-of- 
the-Art  Reports.  Data  Analysis  Books  and  conducts  Spedai  Studies  on  a  continuing 
basis.  These  products  and  services  are  designed  to  provide  the  reliability  and  quality 
control  communities  with  up-to-date  information  on  relevant  topics.  A  variety  of  topics, 
including  electronic  and  non-electronic  device  reliability,  aiectro-static  discharge 
suscepiibility,  equipment  and  system  reliability,  maintainability  and  system  level 
analysis  are  included  within  the  scope  of  the  RAC. 

The  RAC  has  been  called  upon  by  various  Offices  of  the  Department  of  Defense  as 
well  as  defense  contractors  to  provide  information  or  independent  third-party 
assessments  of  designs  during  the  procurement  process.  Because  the  RAC  does  not 
stand  to  benefit  from  either  a  favorable  or  unfavorable  appraisal  of  any  contractor's 
design,  an  unbiased  analysis  can  result. 

The  prices  charged  for  RAC  products  and  services  are  lower  than  might  be 
expected  for  information  aa  valuidsie.  The  information  contained  in  products  such  as 
the  State-of-the-Art  Reports  can  replace  many  hours  of  research,  and  Spedai  Studies 
such  aa  FaMure  Modea  and  Effects  Analysis  (FMEAs)  or  Parts  Stress  Predictions  (MIL- 
HO0K-217  Predkaioo).  the  cost  to  the  customer  can  be  well  below  that  of  conducting 
the  same  study  in-house. 
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Certfar  s  4  OoO  inforrwaiio«  An«i>a*s  v-- 


oDaxaM  Bv  "1'  iruntuia  aom* 


FULL  SERVICE  PARTICIPATION 

PLAN 


The  Reliability  Analysis  Center  otters  a  Full  Service  Partidpation  Plan  which  affords  rapid  access  at  all 
times  to  the  vast  RAC  reliability  resources  by  opening  a  Partidpating  Membership  account.  The  plan  is 
open  to  all  U  S.  Government  agendas,  government  contractors,  commerdai  piroducers  and  users,  device 
vendors,  laboratories,  educationai  institutions  and  quaKlied  foreign  organizations. 


Producta  and  Servicet  available  under  this  plan  incbule: 

•  Relabiity  and  Maintainabilty  Engineering 

•  Statisticai  Consulting 

•  BibUographicaUUterature  Searches 

•  EOS/ESO  Consultir^ 

•  RAC  Publications 

•  Customized  Data  Searches 

Participants  OMttomatieally  receive: 

•  Access  to  RAC  Resources  •  without  the  delay  and  expense  of  issuing  individual  purchase 
requests  (imilod  only  by  the  balance  in  user^  RAC  account) 

•  Relabiity  Pubicattons  •  one  copy  of  each  pubfcation  as  they  are  issued  ts  20%  off  ist 

Oisoount  Prtvileges  •  addMonal  copies  o(  any  RAC  puMcaltons  (except  video  tapes)  at  20%  off 
ist 

Account  Maintenance  •  RAC  ml  mairsain  the  account  record  of  funds  expended  and  furnish  an 
account  statement  every  monttt  or  at  the  customer's  request 

A  RAC  Full  Service  Participation  Plan  can  he  opened  in  two  ways: 

Pre-deposit  of  a  minimum  antount  of  $500  U.S..  $575  NoivU.S. 

•  A  purchase  order  (not  less  than  $500  U.S..  $575  NorvU.S.)  with  a  'not-lo-exceed"  amount 
indicaied  (RAC  wil  bil  as  needed) 

Checks  or  purchase  orders  must  show  vertoor  as  HTRI/RAC 


A  subscnption  can  be  canceled  by  RAC  if  the  account  balance  remains  $35.00  or  less  three  consecutive 
months,  or  at  the  customer's  request. 


Address  your  eormpondertee  to:  Gina  Naoh,  ReUabiliiy  Analyoia  Center,  P.O.  EUa  4700,  Rome, 
NYI344asa00  •  Teiepkone:  (315)  337-0900  or  AMUaaon  587-4151. 
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RELIABILITY 

PUBLICATIONS 


DISCRETE  SEMICONDUCTOR 
DEVICE  RELIABILITY 
DSR-4 


Discrete  Semiconductor  Device 
Reliability,  (DSR-4),  is  the  most 
comprehensive  collection  of  discrete 
semiconductor  device  reliability  data  and 
information  available  since  its  predecessor  DSfl- 
3  was  pubBshed  in  1979. 

Compiled  from  both  military  and  commeraal 
data  sources,  data  is  presented  on  all  transistors, 
diodes  and  optoelectronic  part  types  currently 
covered  in  MIL-HDBK-217E  as  well  as  special  or 
low-population  parts  including; 

•  GaAs  Power  FETs 

•  Transient  Suppressor  Diodes 

•  Infrared  LEDs 

•  Diode  Array  Displays 

•  Current  Regulator  Diodes 

•  Photovoltaic  Cells 

•  U^id  Crystal  Displays 

•  Microwave  Diodes 

•  Microwave  Transistors 

Pertinent  device  and  application-specific 
details  charaaerizing  the  device  failure  are 
presented  in  the  detailed  data  section  including: 

•  Device  Type 
Package  Type 

•  Screen  Level 

•  Application  Environment 

•  T  emperature 

•  Eiectncal  Stress 

•  Mumper  Tested 

•  Number  Failed 

•  Part  Hours 


OSR-4  ansiwfs  questions  ol  concent  to 
rsHabUty  sn^nesrs  inchidhtg: 

::  How  have  typcal  devioa  failure  rates  changed 
ever  the  last  10- 15  yean? 

2  What  s  a  typsai  dkxle  failure  rale? 

:i  Does  he  exponential  failure  distntxjlion 
sutHaenOy  desenbe  disaete  semiconductor 
levee  failure  cattems'’ 

^  How  do  (he  faSure  rales  of  two  different  transistor 
"ypes  compare’ 


DSR-4  supplements  the  information 
available  in  publications  such  as  MIL-HD8K- 
217E,  Reliability  Prediction  of  Elect¬ 
ronic  Equipment  and  MlL-STD-701, 
Lists  of  Standard  Semiconductor 
Devices.  DSR-4  highlights  failure  rate  data  on 
discrete  semiconductor  device  types  covered  m 
MIL-HDBK-217E,  as  well  as  state-of-the-art 
devices  not  in  21 7E 

This  data  is  critical  to  design  trade-off 
analyses,  reliability  growth  monitoring  and  life 
cycle  costrwarranty  period  analyses. 

In  addition,  failure  mode  and  mechanism 
data  critical  to  analyses  such  as  Failure  Modes. 
Effects,  and  Criticality  Analyses  (FMECAs)  is 
presented  in  both  tabular  and  graphical  formats. 


DIODE  FAILURE  MODE 
DISTRIBUTION 


ummm 


The  DSR-4  data  compiled  over  the  last  nine 
years  updates  the  pre-1978  DSR-3  data.  The 
impact  of  changes  m  technology  and  production 
processes  on  device  reBability  is  investigated  in  a 
)omt  DSR-3/DSR-4  data  analysis,  which  demon¬ 
strates  a  marked  improvement  in  the  failure  rates 
of  diodes,  transistors,  thynstors  and  LEDs  since 
1978,  espeaally  in  the  non-MiL  devices  used  m 
commencal  equipment. 

DSR-4  Is  available  tor  $100  (U.S.) 
$120  (Non-U. S.). 
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MICROELECTRONIC  FAILURE 
ANALYSIS  TECHNIQUES 

MFAT-l 


Oestaictiva  Failure  Analysis  of  defective 
electronic  parts  is  often  the  key  to  the  solution  of 
reliability  probfems.  But  how  do  nnanufacturers 
go  about  establishing  this  capability  within  their 
own  fadWy? 

To  address  this  vital  question  the 
Reliability  Analysis  Center  has  published 
Microelectronic  Failure  Analyele 
Techniques,  MFAT-l.  This  highly 
instructive  document  is  the  result  of  a  joint  effort 


FAILURE 

ANALYSIS 

APPROACH 

FLOW 

DIAGRAM 


WCCMf 

CMTAQN 

QCVBS 


QCVBi 

vaUMlVMO 

aECTNCwir 


by:  a)  the  Rome  Air  Development  Center,  b) 
General  Electric’s  Syracuse  Electornics 
Laboratory  and  c)  the  Reliability  Analysis  Cemer 
This  publication  provides  detailed  steps  for  the 
establishment  arvj  operation  of  a  cost-effective 
failure  analysis  laboratory. 

This  guide  was  the  product  of  an  on-site 
failure  analysis  laboratory  survey,  a  document 
review  board  composed  of  acknowledged 
experts  from  both  government  and  industry, 
technical  inputs  from  numerous  reliability 
spedaists  and  extensive  literature  search. 


TABLE  OF  CONTENTS 

•  General  Instruments 

•  Reference  Documents 

•  Failure  Artaiysis  Techniques 

•  Laboratory  Safety  Procedures 

•  Glossary  of  Terms 

•  Technique  References 


MFAT-1  is  a  procedural  guide  intended  to 
serve  as  a  tool  for  the  begirwvng  failure  analyst  as 
weft  as  a  convenient  reference  source  tor  the 
experienced  analyst  and  others  such  as  quality 
and  reliability  project  engineers  in  the 
semiconductor  industry.  It  represents  a 
collection  of  the  most  useful  failure  analysis 
techniquee  being  used  by  industry  leaders  in 
this  grownng  field. 

The  specific  techniques  described  in  detail 
m  this  publication  include:  Fault  isolation, 
Radiography,  Package  Ambient  Gas  Analysis, 
Infrared  Thermal  Mappi.ig,  Liquid  Crystal 
Analysis,  Surface  Topography  Measurement. 
Optical  Analysis,  Metallurgical  Analysis. 
5^nning  Acoustical  Microscopy,  Microbeam 
Artaiysis,  etc. 

MFAT-1  IS  eveilable  for  $125  (U.S.) 
$135  (Non-U. S.). 
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A  PRIMER  FOR  RELIABILITY, 
MAINTAINABILITY  AND  SAFETY 

STANDARDS 

PRIMl 


Gven  tha  vast  array  of  Military  Spedfications. 
Standards  and  Handbooks  available  today,  it  is 
often  very  difficult  to  determine  those  that  most 
adequately  address  the  Reliability,  Maintainability 
and  Safety  requirements  of  a  given  program 
without  spending  a  great  deal  of  time  artd  effort 
to  obtain  and  to  study  numerous  documents. 

To  simplify  this  arduous  task  the  Reliability 
Analysis  Center  has  just  published  A  Primer 
for  Reliability,  Maintainability  and  Safety 
Standards,  (PRIM>1). 

The  document  contains  brief  descriptions  of 
the  many  Military  Standards,  Specifications  and 
Handbooks  dealing  with  Reliability. 
Maintainabiity  arxt  Safety  currently  available.  It 
provides  a  quick,  concise  and  pertinent 
overview  of  the  most  important  military 
documents  in  the  field. 


MAJOR  SECTIONS 

1.  ReilebilMy  Prpqrem  SpacMcatfone 

2.  ReltabilNy  A«— ■ment  Specifleatlona 

3.  Reliabiftty  Omign  Specfflcetlon* 

4.  Uafor  Pwta  Specifications 

5.  Maintainability  Program  Specifications 
8.  Maintainability  Oeeign  Specificationa 

7.  Maintainability  Aaeeaament  Specificationa 

8.  Safaty-Reiated  Specificationa 


This  aoo-page  publication  consists  of  thirty- 
eight  chapters.  Each  one  deals  with  a  single 
standard,  specification  or  handbook.  It  gives  a 
bnef  descnption  of  the  document,  explains  its 
significance  to  the  program  and/or  phase  of  the 
program,  describes  the  purpose  of  the 
document,  lists  any  applicable  data  item 
descnptions  (DID's)  and  gives  a  bnef  explanation 
of  how  to  use  the  document,  it  explains,  where 
necessary,  how  to  tailor  the  document's 
requirements  and  also  identifies  those 


documents  which  may  be  unique  to  a  specific 
branch  of  the  military.  An  introductory  chapter 
discusses  general  background  issues  and 
guides  the  reader  to  the  most  appropriate 
section  based  upon  the  nature  of  the  inquiry 
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RELIABILITY 

PART/DESIQN-APPLiCATION 

SPECfFf  CATIONS 

Thus  the  user,  provided  with  a  single 
reference  guide  to  the  appMcabiBty  and  use  of 
the  rnost  relevani  R,  M  &  S  military  documents, 
can  avoid  having  to  order  and  review  each 
document  separately  to  determine  its  application 
to  a  specitic  program,  and  how  to  use  it.  This  is 
especially  helpful  to  proposal  efforts  by  relatively 
new  companies  in  the  field,  or  companies  who 
may  not  be  familiar  with  government 
procurement  programs. 
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REUABILITY  PROGRAM 
SPECIFICATIONS 
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PRIM*1  Is  available 
(Non-U. S.). 


for  $95  (U.S.)  $115 


ELECTROSTATIC  DISCHARGE 
SUSCEPTIBILITY  OF  EI^CTRONIC 

DEVICES 

VZAPl 


Electrostatic  discharge  (ESO)  problems  are 
vary  prevalent  today  in  the  electronics  industry. 
ESO  control  measures  can  be  very  expensive 
and,  if  not  effectivety  implemented,  can  result  in 
unnecessary  expense.  One  very  necessary 
element  in  the  affective  implementation  of  an 
ESO  control  program  is  the  identification  of  the 
ESO  susceptibilty  of  the  parts  being  handled  or 
assembled.  The  identification  of  these  parts  is 
the  intent  of  the  341  page  VZAP-i . 


Classification  Data  (per  MIL-STO- 
1686) 

•  Microcircuits  in  generic  part  number 
order 

•  Microcircuits  in  miltary  part  number 

order 

•  Oiscreta  components  in  generic  part 
number  order 

•  Oiacrete  components  in  mifitary  part 
number  order 


Military  specifications  are  also  mandating 
ESO  control  procedures  based  on  the  data 
contained  in  the  Ralability  Analysis  Certter's 
VZAP  database,  from  which  VZAP-1  was 
generated.  Oata  contained  in  VZAP-1  can  be 
used  to; 

•  idenify  the  ESO  susceptKiilty  of  an 

equipment 

•  idsniify  areas  where  addWonal 

transient  protecdon  is  necessary 

•  assist  in  the  selection  of  less 

susceptible  components 

VZAP-1  contains  dstailod  susceptibility  data 
(part  type,  manufacturer,  test  type,  threshold 
level,  failure  criteria,  etc.)  on  approximaiety  700 
microcircuits  and  500  discrete  semioonductor 
devices.  ESO  classification  data  is  also 
presented  for  these  parts  (based  on  the  OoO- 
STO-1686  arxl  OOO-flOBK-263  classification 
scheme)  ordered  by  generic  numbers  as  well  as 
MIL-M-38S10  and  MH.-S-195Q0  numbers. 

A  brief  outine  of  VZAP-1  is  as  foSows; 

Background  Information 

•  Test  methods 
Failure  mechanisms 

Detailed  Device  Susceptibility  Oata 

•  Microcircuits 

•  Discrete  Components 


Discussion  of  sources  supplying 
data  to  VZAP-1. 


In  addition  to  detailed  ESO  susceptibility  on 
specific  parts,  data  summaries  are  presented 
dtaplaying  failure  volage  (Sstrlbutions  for  several 
microcirajit  technologies.  The  following  figure  is 
an  exarrpie  of  this  arwlysis: 


Another  RAC  product.  SOAR-6,  "ESO 
Control  In  the  Manufacturing  Environ¬ 
ment,"  whan  used  in  conjunction  with  VZAP- 
1 .  recommends  ESO  control  measures  based 
on  the  susceptibifity  levels  identified  by  VZAP-1 

VZAP-1  Is  available  for  $95  (U.S.) 
$105  (Non-U.S.). 
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NONOPERATING  RELIABILITY 
PREDICTION  SYSTEM 
RAC-NRPS 


Equipments  exposed  to  long  periods  of 
storage  will  experience  measurable  degradation. 
When  a  system  is  stored  for  long  periods,  with 
short  operating  times,  the  majority  of  failures  will 
occur  during  nonoperating  periods,  regardless 
of  the  fact  that  the  operating  failure  rate  may 
appear  to  be  much  higher. 

To  address  this  important  issue,  the 
Reliability  Analysis  Center  introduces  the 
NONOPERATING  RELIABILITY  PREDIC¬ 
TION  SYSTEM  (RAC-NRPS),  a  compre¬ 
hensive  software  package  designed  to  predict 
the  impact  of  nonoperating  periods  on 
equipmerTt  reliability. 

The  RAC-NRPS  analyses  are  intended  to 
complement  predictions  of  operating  reliability. 
Whan  used  in  conjunction  with  an  operational 
failure  rale  prediction  (MIL-STD-217).  the 
combined  operational  and  norxjperatiortal  failure 
rate  or  a  system  can  give  a  total  and  more  realistic 
assessment  of  reliability. 

The  RAC-NRPS  oontains  facilties  to  enter 
and  edit  assembly  and  part  level  data  records.  AH 
data  input  routines  are  designed  (or  speed, 
while  the  editing  functions  allow  free  movement 
and  editing  of  aH  records.  Assemblies  without 
parts  lists  may  be  included  by  assigning  a  failure 
rate  to  the  assembly  during  data  input.  In 
addition  to  the  part  types  described  in  RAOC-TR- 
85-91  A,  the  'Miscellaneous  Parts'  section 
allows  unique  parts  to  be  included  in  the 
prediction  by  assigning  a  known  failure  rate. 


PERIODIC  TESTING  MODEL 

A  spectalized  model  to  analyze  the  affects  of 
periodic  testing  on  stored  system  reliability  is 
also  given.  The  analysis  can  be  performed  on  an 
entire  system  or  a  single  assembly.  The  test 
effectiveness,  i.a,  the  proportion  of  failures 
detected,  may  be  vaned.  The  reliability  model  (or 
the  exponential  distnbution  is  also  displayed  (or 
companson  with  the  speoalized  periodic  testing 
model. 

Given  a  periodic  testing  schedule  to  identify 
failures  and  restore  tailed  equipment  to 


operational  status,  the  reliability  after  the  test 
interval  is  given  by: 

R(N.t)-  e-[N(i-«)  ^TtI  e-  Mt-NTjj 


where 

R(N.t) 

s 

reliability  following  test  N 
at  timet 

N 

a 

test  number 

t 

m 

total  storage  time 

tt 

m 

test  interval 

a 

m 

test  effectiveness 

(percentage  of  failures 
detected  by  test  sequence) 

X. 

m 

system  nonoperating 
failure  rate 

This  relationship  is  depicted  graphically  in 
figure  below. 


Effaeta  of  Paiiodic  Tasting  on  Rallablltty 


To  run,  the  RAC-NRPS  requires  an  IBM 
PC/XT/AT  or  1 00%  compatible  computer  with  a 
minimum  of  two  diskette  dnves  (a  fixed  disk  is 
recommended).  MS-DOS  2.1  or  higher  or  PC- 
DOS  2.0  or  higher,  and  a  minimum  of  384K 
bytes  of  RAM.  Included  with  RAC-NRPS  is  a 
copy  of  NONOP-1,  "Nonoperating  Reliability 
Databook,*  a  RAC  Publication  dealing  with 
nonoperating  field  data. 

RAC-NRPS  Is  available  for  $1,400 
(U.S.)  $1,450  (Non-U. S.). 
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NONOPERATING  RELIABILITY 

DATABOOK 

NONOP-l 


RsliabiUty  experts  agree  that  equipments 
exposed  to  lorKj  periods  of  storage  experierv:e 
measurable  degradation.  However,  until  now 
there  has  been  little  agreement  on  the  methods 
to  be  used  when  predicting  such  degradation. 
Mary  of  these  experts  have  been  using  10 
percent  of  the  operational  failure  rate  as  an 
approximation  for  the  nonoperational  failure  rate; 
however,  the  use  of  ‘correction*  factors  is  a  very 
approximate  method  at  best.  It  is  intuitively 
wrong  to  assume  that  operating  and 
nonoperating  failure  rates  are  directly 
proportional.  Many  application  and  design 
variables  have  a  pronounced  effect  on  the 
operating  failure  rate,  yet  a  rteglgible  effect  on 
the  nonoperating  failura  rate.  For  example, 
derating  results  in  a  significant  decrease  in 
operating  failura  rate,  but  can  have  rto  effect 
when  no  power  is  appied. 

For  this  reason,  the  Relabilty  Analysis 
Center  has  put  together  the  Nonoperating 
Reliability  Databook,  NONOP-l. 
NONOP'i  contains  328  pages  of  nonoperating 
Held  and  test  data  on  an  assonmeni  of  electrical, 
mechartical  arid  etectromechanical  parts.  It  is  the 
first  RAC  databook  devoted  entirely  to  the 
reliability  of  equipments  in  the  nonoperating 
state.  The  data  preseraed  has  been  ooHected 
by  RAC  from  dozens  of  government  and  non- 
g^mment  sources. 


Each  Item,  whether  a  system,  sub-system, 
assembly  or  component,  experiences  the 
effects  Of  environmental  stresses.  These 
stresses  include  temperature  cycling,  humidity, 
vibration  due  to  transportation  and  handling. 


databook  quantifies  the  effects  of  these 
environmental  stresses  on  norK}perating 
reliability,  and  discusses  many  of  the  failure 
mechanisms  which  can  occur  as  a  result.  Also 
included  is  a  discussion  on  the  effects  of 
periodk:  testing  on  system  reliability. 

WHh  the  data  presented  in  this  publication,  it 
is  possible  to  derive  accurate  nonoperating 
component  failure  rates  which,  when  used  in 
conjunction  with  the  RAC  Nonoperating 
Reliability  Prediction  System  (RAC- 
NRPS)  or  RAOC-TR-8S-91,  will  estimate 
nonoperating  system  reliability.  The  system 
reliabiiity  information  may  be  used  to  perform 
design  trade-offs,  to  estabish  testing  intervals, 
to  determine  when  to  scr^  old  supplies  or  to 
help  compute  cost-effective  warranty  periods. 
These  are  important  considerations  for  spare 
parts  inventory  or  for  systems  (e  g.,  missiles) 
which  may  speind  many  years  in  storage. 


SOME  Of  THE  MANY 

PART  TYPES  INCLUDED  IN  NONOP-1 

Resistors 

Capacitors 

Inductors 

Diodes 

Transistors 

Microcircuits 

Tubes 

Hybrids 

Switches 

Relays 

Connectors 

Meters 

Pumpe 

Batteries 

NONOP-1  provides  summaries  arvj  detailed 
data  on  a  variety  of  devices.  Skniiar  part  types 
are  grouped  to  allow  quick  comparisons  among 
themselves.  Summary  data  tables  provide 
nonoperating  field  failure  rates,  which  are 
compared  to  predicted  failure  rate  values. 
(Predicted  failure  rates  have  been  derived  using 
RAC’s  Nonoperating  Reliability  Prediction 
System  (RAC-NRPS),  based  on  the  RADC 
Technicai  Report.  ‘Impact  of  Nonoperating 
Periods  on  Equipftfsnt  Reliability;*  RADC-TR-85- 
91).  NONOP- 1  is  intended  to  complement 
documents  such  as  RADC-TR-85-91  arxJ  MIL- 
HDBK-217. 

NONOP-1  Is  available  for  $150 
(U.S.)  $160  (Non-U. S.). 
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MICROCIRCUIT  SCREENING 

ANALYSIS 

MDR-22 


This  1 69  page  publication  makes  fallout  rate  data 
on  integrated  circuits  available  to  RAC  users.  This 
data  can  be  used  as  a  baseline  to  define  typical 
fallout  rate  values  as  a  function  of  device  and  screen 
stress  variables.  This  publication  covers  digital, 
linear,  interface.  arxJ  memory  devices. 

All  data  used  in  the  development  of  this 
publication  (which  was  collected  from  a  variety  of 
external  sources)  was  extracted  from  the  RAC 
Integrated  Circuit  Reliability  Database. 

Various  standard  screens  are  analyzed,  as  well 
as  screening  sequences,  making  this  data  extremely 
useful  for  those  who  wish  to; 

1  Compare  fallout  rates  from  a  particular  process  or 
line  to  industry  averages 

2.  Customize  screening  tests  to  optimize  the 
cost/benefit  ratio  (non-miltary  appfic^rts) 

Summaries  and  analysis  are  presented  for 
various  part  types  (function,  technology,  and 
package  type),  'standard  screening  tests* 
(environmental  and  bum-in),  temperature,  test 
length  and  screening  sequerK:as.  Additionally,  to 
simultaneously  quantify  the  effect  of  each  of  these 
vanables.  multiple  regression  analysis  models  are 
presented  which  allow  the  user  to  identify  a  typical 
industry-wide  fallout  rate  as  a  furxrtion  of  these 
vanables. 


The  following  example  of  a  typical  analysis 
presented  in  this  publication  indicates  the  fallout  rate 
of  devices  subjected  to  rescreening. 


Reacreen  FaiUOut  Rates  va. 
Screen  Claes 


The  cost  to  the  customer  of  these  screening 
tests  varies  considerably  from  test  to  test  and  from 
manufacturer  to  manufacturer.  Careful  selection  of 
screening  stresses,  durations  and  failure  criteria  can 
result  in  very  cost-effective  programs  that  give 
excellent  quality  assurance.  The  data  in  this 
publication  is  designed  to  allow  the  user  to 
intellgentty  make  such  selections. 

MDR-22  Is  available  for  $125  (U.S.) 
$135  (Non-U. S.). 


MICROCIRCUIT  SCREENING  DATA 

MDR22A 


This  pubication  contains  375  pages  of  detailed 
microcircuit  screening  data  used  to  develop  the 
analyses  of  MDR-22,  'Microcircuit  Screening 
Analysis.*  RAC  is  makirtg  this  data  available  as  a 
separate  document  to  enable  the  user  to; 

'  1 )  Perform  anatyses  that  were  not  presented  in 
MOR-22 

>2}  Examine  unique  part  numbers  or  a  speafic 
set  of  test  conditions 

The  data  in  this  publication  is  segmented  into 
’he  following  test  types. 

•  Bum-In 


•  Bum-ln/Environmentai  Screening 

•  Single  Environmental  Screens 

•  Environmental  Series  Screens 

•  Step  Stress  Screens 

The  data  contained  in  this  publication  has  been 
extracted  from  the  Reliability  Analysis  Center  s 
Integrated  Circuit  Reliability  Database.  This  data  has 
been  collected  as  part  of  RAC's  data  solicitation 
programs  as  well  as  numerous  government  and 
industry  reports  on  the  subject  of  microcircuit 
screening. 

MOR-22A  Is  available  for  $75  (U.S.)  $90 
(Non-U. S.). 
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MICROCIRCUIT  DEVICE 
RELIABILITY  DATABOOKS 
MDR  2L  MDR  21A  AND  FMDR  21A 


Fl«ld  failur*  rataa  of  microcircuits 
art  an  axtramaly  important  area  of 
concern  for  many  equipment  producers. 

To  address  this  matter  the  Reliability 
Analysis  Center  has  released  an  important  series 
of  new  publications  consisting  of  the 
Microcircuit  Oevles  Rafiability  Trend 
Analysis,  (MOR*2l);  the  two'volums 
Microcircuit  Device  Reliability  Field 
Experience  Database  (M0R*21A),  and 
the  floppy-disk  version,  FM0R*21A. 

MOR*21  is  a  370  page  documerit  devoted 
to  the  investigation  of  trends  developing  in 
microdreuit  reliability.  It  contains  evaluations  of 
numerous  microcircuit  types  common 
throughout  industry,  separated  into  generic 
functioftal  graups  such  as:  dKjital  (SSI,  MSI,  and 
LSI),  Irtear,  interface,  memories  and  other  VLSI 
devices. 


MOR«21A  is  a  two-volume  companion 
document  to  MOR'21.  This  data  corrtpendium 
provides  detailed  field  failure  data,  inciudirtg 
itemized  pvt-levet  failure  records  and  failure 
event  information.  The  failure  event  section 
details  the  nature  of  a  device  failure  by 
investigating  the  device  characteristics  and  the 
imposed  environmental  or  eiectricai  stresses 
which  were  responsible  for  the  failure 
occurrence. 

FMOR-21A  is  a  IBM-compatible,  three- 
floppy-disc  version  of  the  same  data  found  in 
M0R-21A.  This  electronic  data  book  allows 


searches  to  be  conducted  rapidly  on  various 
data  fields  and  the  results  of  these  custom 
searches  to  be  either  displayed  or  printed. 

For  added  flexibility  the  files  in  FMDR-21A 
are  in  dBase  III  format  allowing  users  of  Ashton¬ 
Tate's  dBase  III  to  write  their  own  data  access 
program  and  report  forms  if  desired  or  alternately 
the  results  of  a  data  search  may  be  down  loaded 
to  an  ASCII  text  file  which  can  be  read  by 
numerous  other  software  packages. 
Furthermore  the  files  are  not  copy¬ 
protected;  this  allows  the  data  to  be  copied 
into  a  hard-disk  and  backed-up  using  standard 
DOS  unities. 


MtMOlY/MPOLAWLOWniKKMEnC 


AOt  OeOUND  NAVAL 


PAST  PVMCnON 

MOR-21  is  available  for  $95  (U.S.) 
$105  (Non-U.S.),  MOR-21A  $125  (U.S.) 
$135  (Non-U.S.),  or  FMDR-21A  $175 
(U.S.)  $185  (Non-U.S.). 
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NONELECTRONIC  PARTS 
RELIABILITY  DATA 
NPRD3 


Tliis  360  page  document  provides  failure  rate 
and  failure  mode  information  for  electrical, 
mechanical,  electro-mechanical,  hydraulic, 
pneumatic  and  rotating  devices. 

Data  appearing  in  this  publication  represents  a 
compilation  of  equipment  field  experience  in  military, 
commercial  and  industrial  appicatlons. 

The  data  includes  idenSfication  of  p^  class,  part 
type,  operating  environment,  user,  point  estimate, 
60%  confidence  interval  (lower  and  upper),  number 
of  records  merged,  numb^  of  failures  recorded  and 
total  of  part  operating  hours.  This  information  is 
presented  in  a  dear  and  concise  tabuiar  formal  vMch 
maKes  it  relabilty  import  readty  apparent 

The  figures  depicted  are  typical  analyses 
corsamed  in  NPR&<3. 


NPRD-3  is  tSvkjed  into  four  sections; 

(1)  background  information,  data  limitations, 
assunnptions  arxj  data  analysis  procedures 

(2)  generic  field  failure  rates  for  a  variety  of 
operating  ertvironments 

(3)  detailed  failure  rales  for  selected  part 
types 

(4)  failure  mode  distributions  for  various 
mechanicai  and  electro-mechanical  parts. 


NPRO-3  Is  available  for  $80  (U.S.)  $90 
(Non-US). 


FNPRD-3 


PNPRO-3  is  the  disicette  version  of  NPRO-3 
data.  Contained  on  three  iBM-oompalibic  format 
diskettes,  it  allows  searches  to  be  conducted  on 
various  data  fields  with  the  results  of  these  custom 
searches  either  displayed  or  printed. 

For  added  flexibilty  the  flies  in  NPRO-3  are  in 
dBase  ill  Plus  formal  aiicwing  users  of  Ashton-Tate’s 
dBase  III  Pius  to  wiite  their  own  data  access  program 


and  report  forms  if  desired. 

As  with  NPRO-3  it  contains  identification  of 
pan  class,  part  type,  operating  environment,  user, 
point  estimate,  60%  contidsncs  interval  (lower  and 
upper),  number  of  records  merged,  number  of 
failures  recorded  and  total  of  part  operating  hours. 

FNPRO-3  Is  available  for  $125  (U.S.) 
$135  (Non-U.S.). 
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ANALYSIS  TECHNIQUES  FOR 
MECHANICAL  RELIABILITY 

NPS-1 


Although  th«  information  exists  lor  apqiying 
modem  analysis  techniques  to  rwnelectronic 
equipment,  this  information,  unfortunately,  is 
widely  scattered  and  lacks  adequate 
standardization. 

To  help  rectify  this  situation  the  Relabilty 
Analysis  Center  has  issued  its  first  publication 
dedicated  to  the  systematic  application  of 
modem  analysis  techniques  to  the  rettabiity  of 
nonelectronic  equipment. 


An  extensive  discussion  of  the  current 
analysis  techniques  used  for  assessing  the 
reliability  of  mechanical  parts  and  systems  is 
contained  in  Chapter  3.  It  provides  techniques 
and  examples  for  determining  the  quantitative 
estimates  of  performance  accomplished  through 
reliability  predictions  of  mechanical  devices. 
Meanin^ui  trade-off  studies  can  then  be 
implemented  to  determine  the  effect  on 
performance,  cost,  size,  safety  and  weight  of 
various  designs. 


Chapter  1  of  NPS-1  presents  an  overview  of 
the  reliability  dlscapiirtes,  and  a  quantitative 
presentation  of  the  evolution  of  the  entire 
discipline. 


Chapter  4  concludes  with  additional  remarks 
concerning  mechanical  reliability  and  its 
quantitative  evaluation  and  identifies  continuing 
areas  of  research  and  development. 


A  transition  from  statistical  theory  to  reiabilty 
theory  is  provided  next.  Chapter  2  containe  the 
fundamerrtai  aspects  of  statistics  important  to 
reHability  including  probability  density  functlorts. 
cumulative  distnbution  functions  and  the  hazard 
rate  concept. 


The  very  important  Weibull  distribution  is 
discussed  in  greater  detail  in  Appendix  A  while 
Appendix  B  addresses  the  basic  laws  of 
probabiHty. 

NPS>1  is  available  for  $56  (U.S.)  $66 
(Non-U.S.). 
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IC  QUALITY  GRADES: 
IMPACT  ON  SYSTEM  RELIABILITY 
&  LIFE  CYCLE  COSTS 
SOAR-3 


This  96  page  report  examines  the  main 
factors  governing  the  relative  reliability  and 
applicability  of  plastic  encapsulated  iCs  (both 
screened  and  unscreened),  commercial, 
hermetic  sealed  ICs,  arxj  JAN-qualified  ICs. 

The  reliability  and  applicability  of  commercial 
grade,  plastic  encapsulated  iC's,  are  receiving 
increasing  interest  as  the  result  of  widespread 
assumptions  about  the  present  state  of  the 
microcircuit  industry. 

To  address  this  important  issue  the  ReSabifity 
Analysis  Center  has  released  IC  Quality 
Grades:  Impact  on  System  Reliability  and 
Life  Cycle  Cost  (SOAR-3). 

Topics  addressed  include  the  substantial 
gap  between  the  cost  of  procuring  commercial 
versus  JAN-qualified  parts,  the  lower  availability  of 
JAN  parts  in  oomparfson  with  oommercial  pads, 
and  the  quality  of  modem  plastic  encapsulated 
devices. 

The  publication  presems  data  obtained 
from  an  industry  survey  of  IC  costs  and 
procurement  lead  times,  a  detailed  discussion  of 
these  factors  based  upon  an  intensive  iterature 
search,  interviews  with  field  experts,  arKf  an 
examination  of  failure  data  from  the  RAC  IC 
database.  It  then  draws  specific  conclusions 
concerning  the  effect  of  part  quality  upon 
procurement  cost  and  lead  time. 


It  also  presents  a  methodology  for  life  cycle 
cost  estimations  for  alternative  IC  quality  grades 
based  on  all  of  the  information  published  in  this 
report. 


SOAR-3  Is  available  for  $46  (U.S.) 
$56  (Non-U. S.). 
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SURFACE  MOUNT  TECHNOLOGY: 
A  RELIABILITY  REVIEW 
SOARS 


Tha  Reliabtity  Analysis  Canter's  pubScation 
Surface  Mount  Technology:  A  Reliability 
Review  (SOAR'S)  presents  an  overall  picture  of 
surface  mount  technology,  emphasizing  the 
reiabiiity  of  surface  mount  packaging,  solder  joint 
connections  arxl  printed  wiring  boards.  Most  of 
the  material  presented  is  universally  appicabla  to  a 
large  variety  of  devices  and  device  package. 

Surface  Mount  Technology  (SMT) 
differs  from  the  customary  OIP  through-hole 
assembly  of  electrical  devices  by  soldering  the 
component  directly  to  metallized  pads,  or 
footprints,  on  the  surface  of  the  Printing  Wiring 
Board  (PWB).  The  solder  joint  of  a  Surface 
Mount  Component  (SMC),  therefore,  serves 
as  both  an  electrical  and  a  p^sical  oonrwction  to 
the  PWB.  Since  surface  mounting  efntinates  the 
need  (or  hoie'driling  the  smailer-dimensk>ned 
SMCs  can  be  placed  doaer  together  and  on  both 
sides  of  the  board,  thus  provtd ng  room  tor  more 
component  plaoerrient  or  simply  reducing  overaM 
board  size. 


Thermal  stress  results  when  materials  with 
different  coefficients  of  expansion  are  joined  and 
exposed  to  variations  in  temperature.  When  the 
materials  respond  to  thermal  fluctations  each  at  its 
own  rate,  the  bond  between  them  (the  solder  joint) 
is  stressed.  Damage  is  cumulative.  The  solder 
joint  progressively  weakens  with  thermal 
fluctuations  and  the  probability  of  failure  increases. 
Stresses  that  develop  in  a  typical  surface  mount 
assembly  containing  a  ceramic  leadless  chip  earner 
and  an  epoxy-glass  substrate  are  depicted  below; 


Despite  its  thermal  stress  senstti^.  Surface 
Mount  Technology  has  emerged  ss  the 
favored  fabrication  technique  leading  to 
the  high*denalty,  hlgh«apeed  integrated 
circuit  performance  of  today's  micro* 
electronica.  Manufactudng  processes 
employed  with  conventional  DIP  componentry  are 
being  replaced  by  SMT,  industry-wide,  in  cost, 
size,  weight  and  parformance  characten sties 
surfaca  mounting  is  batter  meeting  the  demands 
and  competitive  pressures  of  advancing 
microGitcuit  miniatuftzation. 


Mwwem  nmiM  mmct  or  aitT 


SOAR-S  Is  available  for  $50  (U  S.)  $66 
(Non*U.S.). 
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ESD  CONTROL  IN  THE 
MANUFACTURING  ENVIRONMENT 

SOAR6 


Explosive  growth  of  ESO-protective 
products  have  introduced  a  vast  array  of 
products  for  the  potential  buyer,  thus  making 
optimum  ESD  protective  product  selection  very 
difficult. 

To  meet  this  challenge  the  Reliability 
Analysis  Center  has  released  the  publication 
titled  "ESD  Control  In  the  Manufacturing 
Environment,"  SOAR-6.  This  200  page 
publication  preserrts  a  detailed  plan  for  the 
development  and  adaptation  of  a  universal  ESD 
control  program.  This  plan  can  be  made 
applicable  to  any  manufacturing  environment 
arxj  to  any  electronic  product. 

SOAR-6  also  explores  the  variety  of  ESD 
prevention  products  available,  discusses  the 
advantages  aryj  disadvantages  of  various 
genehc  products,  and  presents  obiecttve  test 
methods  lor  verifying  the  effecttverMss  of  these 
products. 


THREE  MAJOR  PREMISES: 

Ail  tiectroivc  pans  and  aquipmantt  ara  not 
aquaHy  suacaptibia  n  damaga  Irom  ■larrroatartr 
tSschargs 

Manufacturing  facHWaa  hava  inharant  dittoranoaa 

Elactranic  products  hava  dIfTarom  Intrinsic  valuaa 
(sanouanaaa  of  tha  fatlura  of  tha  and  product) 


Chapter  1  defines  an  Ideal"  ESD  control 
program,  the  most  comprehensive  possible  and 
adequate  for  critical,  high-intrinsic-value 
electronic  equipments  highly  susceptible  to 
damage  from  ESD. 


requirement.  Some  generic  products  may  be 
very  effective  in  a  given  situation  but  may 
degrade  with  use,  or  they  may  be  ineffective 
under  different  circumstances. 


Chapter  3  addresses  the  strengths  and  the 
weaknesses  of  various  generic  products  and 
provides  guidance  regarding  instances  in  which 
a  given  generic  product  may  not  be  effective  in 
meeting  a  specific  ESO-protection  requirement. 

Significant  vanations  exist  within  generic 
products,  both  between  different  manufacturers 
products  and  within  a  given  manufacturer's 
product  Ine.  Chapter  4  defines  specific  product 
qualification  and  acceptance  tests  for  various 
ESD  protective  materials.  It  also  defines  an  ESD 
control  program  monitoring  plan. 

Appendix  A  includes  information  on  a 
number  of  electrostatic  discharge  video  tapes 
currently  available  for  ESD  education  and 
awareness  training. 


An  *idear  program  would  be  'over-Kiir  for 
most  electronic  equipments.  Chapter  2 
establishes  cntena  tor  the  tailonng  of  ESD 
requirements  for  electronic  equipments  which 
do  not  demand  an  'ideal,'  high-cost,  program  ot 
ESD  protection  and  control. 

A  vanety  of  genenc  products  are  often 
available  *o  futfill  a  specific  ESO-protection 
requirement  Not  all  of  these  products  would  be 
equaitv  effective  m  the  accomplishment  of  that 


Apperxjices  B  and  C  contain  sample  copies 
ot  proposed  detail  test  methods  tor  some  o(  the 
pnmary  generic  ESD  protection  materials  and 
equipments. 

SOAR-6  Is  available  for  $56  (U.S.)  $66 
(Non-U. S.). 
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STATE-OF-THE-ART  REPORTS 


PRACTICAL  STATISTICAL  ANALYSIS  FOR  THE  RELIABILITY 

ENGINEER 

SOAR-2 

This  document  consists  o1  a  senes  of  *siand-atone"  chapters  which  comprise  an  elementary  text  on 
statistical  methods  applicable  to  reliability  studies  and  data  analysis.  Aimed  at  the  non-specialist,  the  text 
explains  a  variety  of  statistical  methods  and  covers  both  parametric  and  non-parametric  methods 
Practicing  reliability  engineers  are  also  aided  in  selecting  and  using  appropriate  analytical  methods. 
SOAR-2  is  written  in  understandable  language  with  a  minimum  of  esoteric  mathematics.  Graphs,  tables 
and  clear,  explanatory  prose  strip  away  statisticai  mystique.  1963.  180  pages.  SOAR-2  Is  available  for 
$36  (U.S.)  $46  (Non-U.S.). 

CONFIDENCE  BOUNDS  FOR  SYSTEM  RELIABILITY 

SOAR.4 

This  study  supplies  algorithms  for  estimating  confidence  bounds  on  system  reliability  from  subsystem 
reliability  estimates.  Four  theoretical  methods  are  compared  through  a  simulation  study;  these  methods 
are  suitable  for  use  in  conjunction  with  subsystem-level  fixed  sample  reliability  tests  (as  described  in  MIL- 
STD-781.  "Reliability  Tests  and  Exponential  Distribution).*  Standard  procedure  for  estimating  and 
simulating  confidence  bounds  removes  the  ambiguity  often  faced  by  project  offices  and  allows 
maintenance  units  to  effectively  plan  support  needs.  This  text  is  oriented  toward  non-statistidans.  1985. 
200  pages.  SOAR-4  Is  available  for  $46  (U.S.)  $56  (Non-U.S.). 


EQUIPMENT  DATA  PUBLICATIONS 


ELECTRONIC  EQUIPMENT  RELIABILITY  DATA 

EERD-2 

This  publication  evaluates  systenvequipment  level  reliability.  The  compendium  contains  data  on 
military  electronic  equipments  at  the  set.  group  and  unit  levels  derived  from  the  RAC's  dedicated  data 
base.  This  data  base  contains  specific  information  on  the  contractual  and  technical  descriptions  of 
equipment  reiability,  availability  and  maintainability.  The  primary  objective  of  the  document  is  to  provide 
sufficient  information  tor  the  evaluation  of  common  reliability  practices  as  well  as  for  the  investigation  of 
those  parameters  designed  to  assist  m  the  development  of  reliable  equijTments.  Further,  the  data  helps 
to  refine,  revise  arxl  develop  reliability  and  maintainability  prediction,  allocation  and  demonstration 
techniques  with  regard  to  the  environment  and  type  of  equipment.  1986,  400  pages.  EERD-2  Is 
available  for  $80  (U.S.)  $95  (Non-U.S.). 


ELECTRONIC  EQUIPMENT  MAINTAINABILITY  DATA 

EEMD-1 

This  comperxJium  contains  mainfenarxre  arxl  repair  time  data  on  military  electronic  equipments  at  the 
subsystem,  set,  group  arxJ  umt  levels.  The  document  presents  a  vanety  of  detailed  equipment  level 
maintainability  data  to  assist  m  the  eflective  evaluation  of  equipment  field  reliability.  The  information  is 
given  to  faaktate  the  tracKing  of  an  equioments  maintanability  charactenstics  throughout  its  life  cycle  as 
well  as  to  provide  a  baseline  for  companson  among  sirmlar  equipments.  1980,  310  pages  EEMD-l  is 
available  for  $60  (U.S.)  $70  (Non-U.S.) 
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SEARCH  AND  RETRIEVAL 

INDEXES 


IRPS  PROCEEDINGS  •  1968  to  1978  •  1979  to  1984 
TRS-2  and  TRS-2A 


These  volumes  provide  rapid  location  of  papers  on  various  topics  published  in  IRPS  Symposium 
Proceedings.  The  papers  encompass  the  most  up-to-date  work  pertormed  to  enhance  our 
understanding  of  eieclronic  device  physics  of  failure.  Four  types  of  indexes  are  employed  including: 
authors,  corporations,  subjects,  and  irxlex  terms.  Within  the  chronologtcal  listing  of  all  papers  the  detailed 
index  terms  provide  an  overview  of  the  intent  and  depth  of  each  paper.  TnS-2A,  1984,  2l0  pages,  TRS- 
2  1979,  385  pages.  TRS-2  and  TRS-2A  are  available  tor  $24  (U.S.)  $34  (Non-U.S.). 


EOS/ESD  TECHNOLOGY  ABSTRACTS  *1982 

TRS-3A 


This  document  provides  a  comprehensive  bibliography  of  literature  pertaining  to  electncai  overstress 
and  electrostatic  discharge  damage.  Reference  to  the  degradation  of  electronic  devices  encompasses 
design,  failure  analysis,  protective  measures/techniques  and  training  programs.  The  references  were 
selected  from  the  ReiiabiKty  Analysis  Center's  document  files  which  include  acquisitions  made  from  1 967 
to  1982.  Documents  were  selected  for  currency,  usefulness  and  availability.  1982,  287  pages.  TRS-3A 
Is  available  for  $36  (U.S.)  $46  (Non-U.S.). 


E0ST:SD  PROCEEDINGS  •  1979-1984 

TRS-4 


This  document  provides  quick  access  to  articles  published  in  the  annual  EOS/ESD  Symposia  from 
1979  to  1984  Papers  published  in  the  Proceedings  represent  the  most  current  studies  and  information 
available  on  the  effects  of  EOS/ESO  pherwmena  on  electronic  devices.  Indexes  include  an  alphabetical 
listing  of  terms,  subjects,  authors,  corporations,  keywords  in  the  title  and  a  chronological  list  of  papers. 
1985.  133  pages.  TRS-4  Is  available  for  $36  (U.S.)  $46  (Non-U.S.). 


ISTFA  PROCEEDINGS  •  1978-1985 
TRS-5 


This  publication  makes  informatKjn  retneval  from  the  international  Symposium  for  Testing  and 
Pailure  Analysis  (ISTFA)  Proceedings  an  effiaent  procedure.  Information  is  included  on  every  article 
printed  m  the  eight-year  span  of  ISTFA  Proceedings,  and  that  information  is  separated  into  six  different 
'etneval  categones:  abstraas.  alphabetical  listing  of  index  terms,  author,  chronological  lists  of  papers, 
:prDoration  keywords  m  title,  and  subiect.  1986,  377  pages.  TRS-5  Is  available  for  $36  (U.S.) 
$46  (Non-U.S.). 
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TRAINING 

COURSES 
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DESIGN  RELIABILITY  TRAINING 

COURSE 


1  Do  you  have  an  adequate  understanding 

ot  the  mathentaticaJ  bass  of  reliabiity 
theory? 

2 .  Do  you  have  a  worlcing  knowledge  of 
ReMability  Apportionment,  Prediction  & 
Modeling? 

3  What  is  the  essential  difference  between 
the  ’Sasic*  and  the  ‘Mission  Reiabiiity’ 
Model? 

4  Whatisthepurposeof  aFMECA,  what 
type  of  ouestions  does  a  FMECA 
address? 

5 .  Given  the  FMEA  for  a  simple  system,  what 
additional  data  would  you  need  to 
complete  the  CA  and  identify  chticaity 
relationships  among  the  parts? 

6.  Oefirte  the  following  terms:  a,  SSST, 
dischminaiion  ratio  (OR),  confidence 
interval. 

7  What  is  the  difference  between 

C5uailflcabon  Testing  and  PRAT?  What 
stressing  functions  are  used  during  these 
tests? 

3 .  Do  you  have  a  woiVing  knowledge  of  the 
following? 

a)  MIL-STD-7810  4MIL-H08K-781? 

b)  MIL-STD-756  &  MIL-HD8K-217? 

c)  MIL-STD-2155  4MIL-HD8K-189? 

d)  MIL-STD-810? 

9  Given  applicable  data,  could  you  plan  a 
Reliabiity  Demonstration  Test  and 
estimate  the  amount  of  time  needed  to 
complete  the  test? 

1 0  What  is  the  main  purpose  for  derating? 
How  is  (t  accomplished  with  vartous  part 
types? 

1  ^  What  is  the  essential  dit  arerx:e  between 
the  WeibuH  and  the  Exponential 
Distnbution? 

1 2  Can  you  perform  a  detail  stress  prediction 
for  a  typnal  mcroarcutf  ? 

1 3  How  do  you  quantify  the  reliability  impact 
of  different  qualify  grades  of  parts'^ 

1 4  What  IS  the  pnmary  urderlying  assumption 
upon  which  part  screening  is  based? 


15  What  are  some  of  the  various  forms  of 
redundancy  and  what  are  their  relative 
merits? 

16.  What  can  be  done  to  a  circuit  to 
compensate  for  component  drift  and  other 
parameter  variations? 

17.  What  is  a  "Schmoo  Plot*  and  how  is  it 
used? 

1 8 .  What  are  some  of  the  principal  methods  for 
dealing  with  EMI  arxj  electrical  transients? 

19.  What  is  a  Sneak  Circuit  Analysis  and  how 
can  it  assist  the  reliability  engineer? 

20.  What  is  the  basic  cause  of  ESD?  What 
types  of  components  can  be  damaged? 

21 .  Name  the  primary  tool  for  preventing  ESD 
damage. 

22 .  How  does  FauK  Tree  Analysis  iJffer  from 
FMEA? 

23.  What  are  cut-sets?  When  and  how  are 
they  used? 

24 .  What  is  the  purpose  of  FRACAS  and  how 
does  it  function  in  Reiabiity  growth? 

25.  How  do  different  manufacturing  methods 
and  maintenarx»  concepts  impact 
equipment  reiabiiity? 

26.  What  are  the  four  major  elements  of 
Testability? 

27.  What  is  the  difference  between  BIT  and 
BITE? 

28.  What  is  the  purpose  of  ESS  arxl  what 
primary  stresses  are  used  to  accomplish  it'’ 

29  How  is  Tailoring*  of  MIL-STD-785  task 
requirements  accomplished? 

If  you  were  unable  to  answer  a  good 
ponlon  of  these  questions  perhaps  you 
need  the  Reliability  Analysis  Center's 
Design  Reliability  Training  Course.  For 
further  Information  on  this  or  other  RAC 
training  courses  please  contact:  Mr. 
James  W.  Wilbur  at  (315)  337-0900. 

NOTE.  Miltary  Agenaes  may  use  DO  Form  1556 
for  ordenng  an  on  site  course  presentation 
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PRACTICAL  STATISTICAL 
ANALYSIS  WITH  RELIABILITY 
APPLICATIONS 
TRAINING  COURSE 


Recognizing  the  need  for  and  prevalence  of 
statistical  approaches  used  in  the  transininal  of 
infoimation  in  today's  engineering  world,  the 
Reiiabilty  Analysis  Cerrter  (RAC)  has  prepared 
the  tutorial  entitled  "Practical  Statistical 
Analysis  with  Reliability  Applications." 


prerequisite  for  attendance  at  this  course.  In 
addition,  an  elememary  course  (or  reading)  in 
basic  probability  or  statistics  would  be  an 
advantage. 

Counm  Format 


This  intensive  four-day  course  which  is 
presented  only  in  a  private,  *on-site*  mode  at  a 
venue  supplied  by  the  customer,  has  been 
stnjctured  spedficalty  to  help  the  nonstatistician 
who  needs  to  apply  statistical  methods  or 
understand  their  use  in  technicai  reports,  it 
introduces  the  non-specialists  to  statistical 
concepts  with  a  minimum  of  mathematics  and 
explains  (by  example)  some  popular  methods 
applicable  to  practial  reHabifty  studea.  It  also 
provides  a  basic  undorstandng  of  the  statistics 
commonly  used  in  technicai  raports  and  supples 
the  background  and  references  for  more 
advanced  methods,  while  indicating  their 
potential. 


Because  this  tutorial  presents  a  vast  volume 
of  material  in  a  short  time,  the  RAC  considers 
engineering  mathematics  to  degree  level  to  be  a 


The  course  is  divided  into  eight  four-hour 
sessions,  which  run  from  8:(X}  a.m.  to  noon  and 
from  1:00  p.m.  to  5:00  p.m.  Evening  study  in 
solving  exercises  and  reading  the  text  will  be 
necessary.  Each  section  includes  lecture 
material  and  student  participation  in  examples, 
projects,  and  demonstration.  The  course  also 
includes  the  use  of  per^nal  computers  with  a 
menu-driven  statistics  package,  ‘The 
Statistician,*  developed  by  Guam  Systems. 


oo  squMus  ooooNBss  oi>  prr 


GouoNSSS  or  nr  -  histociam  against  r-^-r. 


The  course  is  structured  for  applications  and 
as  such  does  not  develop  underlying  theory 
from  first  principles.  Each  subject  area  is 
developed  using  actual  reliability  studies  on 
failurs  analysis  data. 

For  further  Information  on  this  or 
other  RAC  training  courses,  please 
contact  Mr.  James  Wilbur  at  (315)  337- 
0900. 

NOTE:  Military  Agencies  may  use  DO  Form 
1556  for  ordering  an  on-site  course 
presentation. 
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TESTABILITY  PRACTICES  TODAY 
TRAINING  COURSE 


Does  this  question  sound  familiar?  Very 
likely  the  cause  ot  the  problem  lies  in  the  fact  that 
the  equipment  was  not  designed  with  testability 
in  mind. 

It  has  long  been  recognized  that  it  the 
inherent  testability  of  the  design  is  not 
addressed  right  from  the  very  start  of  the 
program  it  will  be  physically  impossible  to  later 
meet  specific  BIT  requirements  for  the 
equipment. 

The  RAC  training  course  ''Testability 
Practices  Today"  (TPT)  is  specifically 
intended  to  provide  procedural  guidelines 
designed  to  meet  just  this  need.  This  course 
helps  you  to  address  the  inherent  testability 
characteristics  of  your  equipment  beginning  at 
the  conceptual  design  stage  and  processing 
right  straight  through  to  design  completion. 


This  intensive  three  day  state-of-the-art 
seminar  is  designed  to  acquaint  attendees  with 
the  very  latest  techniques  for  designing 
testability  into  your  equipment.  The  course 
addresses  both  analog  and  digitai  designs  and  is 
equally  applicable  to  both  military  and 
industhai/commerdal  equipments.  It  is  designed 
to  demonstrate  the  importance  of  direct,  open 
and  useful  communication  amortg  design 
engi'^Mririg,  test  engineering  and  martagement 
personnel  to  provide  the  vital  feedback  Krrk  to 
make  testability  work  in  an  oiganization. 

The  TPT  addresses  the  means  by  which  to 
accomplish  increased  productivity  within  each 
functional  operation  as  well  as  within  the  total 
business  organization,  and  demonstrates 
measurable  cost  savings  achievable  through 


reduced  test  programming,  fixiuring.  equipment, 
execution  and  troubleshooting  efforts. 

Examples  are  given  of  two  test  strategies 
employed  at  the  board  level.  Major  cost 
elements,  including  capital,  fixturing, 
programming,  diagnostics  and  system 
(Hangostics  illustrate  conditions  in  which  (a)  in- 
drcuit  test  or  (b)  dyrtamic  functional  test  provides 
greater  cost  saving. 

Example  #1  is  based  on  lOO  parts  per  PCB. 
10  PCB's  per  system  and  1000  systems 
produced  per  year,  2.5  faults  per  board,  a 
system  yield  of  85%  for  in-circuit  test  and  95% 
for  functional  test,  and  a  system  cost  per  fault  of 
CS.OO.  Example  *2  dfters  only  in  considering 
50  PCB's,  5000  systems  per  year  and  a  cost  per 
fault  of  $50.00.  Example  #1  demonstrates  a 
$345K  saving  using  in-drcuit  test.  Example  #2 
demonstrates  a  $525K  saving  using  functional 
test. 

In  general,  the  choice  between  the  two 
strategies  refiscts  the  increase  in  cost  for  fault¬ 
finding  at  the  system  level  due  to  the  greater 
complexity  of  one  of  the  two  systems  compared. 

By  combining  lecture  and  workshop  tutorial 
techniques  it  provides  each  participant  with  the 
knowledge  necessary  to  design  and  implement 
a  testability  program  within  a  specific 
organization. 

TESTABILITY  BRIDGES  THE  GAP 
BETWEEN  DISCIPLINES 


For  further  Information  on  this 
or  any  of  the  oth^r  Reliability 
Analysis  Center  Training  Courses 
please  contact:  Mr.  James  Wilbur 
at  (315)  337-0900. 

NOTE:  Miltary  Agencies  may  use  DD  Form 
1556  for  ordenng  an  on  sue  course 
presentation. 
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STATISTICAL  PROCESS  CONTROL 
TRAINING  COURSE 


The  term  Statistical  Process  Control 
(SPC)  strictly  refers  to  the  use  of  charting 
techniques  (i.e.  control  charts.  Pareto  diagrams, 
etc.).  Of  late,  however,  the  term  SPC  has  been 
used  to  describe  the  total  philosophy  of  quality 
management  and  continuous  improvement. 
Many  organizations  call  it  Quality* 
Productivity  Improvement  (QPI). 

The  Relabiiity  Analysis  Center  has  prepared 
the  training  course  entitled  Statistical 
Process  Control  which  is  presented  four 
times  a  year  throughout  the  U.S.  on  an  opervto- 
the-public  basis. 

This  concerSratad  four-day  course  presents 
a  combined  management/statistfcal  approach  to 
designing,  measuring  and  controlling  high- 
quality  processes,  products  and  services.  It 
uses  objective  techniques  based  on  data  to 
support  management  dedsiona  and  is  appicable 
to  all  businesaes.  It  employs  powerful  statisflcal 
methods  to  separate  assignable  causes  of 
process  variafaiMy  from  random  causes.  The 
overall  goal  is  oontirKious  improvement  of  the 
process  and  the  product,  driving  toward  zero 
defects. 

The  stadsticat  techniques  of  SPC  have  been 
available  sirKa  the  I920s;  the  impetus  for  the 
currerrt  drive  to  SPC  has  been  W.  Edwards 
Oeming's  managemers  philoaophy.  within  which 
the  statistical  techniques  are  fulty  integrated. 

Rather  than  using  the  traditionai  approach 
for  setting  arbitrary  tolerances  and  reject  (or 
applying  tor  QC  waivers  on)  out-ot-specMcabon 
products,  SPC  bases  tolerances  on  a 
sophisticated  ana^s  of  process  data  (called  a 
'process  capability  study*}.  Effort  then 
concentrates  on  reducing  process  vaitattHty  by 
process,  system,  or  management 
improvements.  In  this  way,  tolerarKSS  are 
implicitly  reduced. 

SPC  recognizes  that  tradHIonal  approaches 
to  quality  (such  as  inspection,  procedures,  etc.) 
generally  serve  to  reduce  quality,  since 
responsibility  for  excellence  is  divided  between 
worker  and  inspector.  S®C  argues  for  quality 
personnel  to  be  integrated  into  manufacturing  to 
improve  the  process  before  defects  occur.  This 
is  the  basts  of  'doing  it  right  the  first  time*  as 
opposed  to  paying  one  worker  to  produce  a 
defea  and  a  second  to  catch  it. 

Course  content  and  length  can  be  modified 
within  limits  to  suit  the  customer's  needs. 


There  are  no  mandatory  homework 
assignments  nor  are  students  graded 
competitively.  However,  there  are  voluntary 
homework  problems  and  the  students  will 
receive  a  certificate  of  course  completion  at  the 
eryj  of  the  presentation. 

RAC  also  offers  an  on-site  training  program 
customized  to  teach  actual  examples  and  case 
studies  from  the  customer's  own  organization. 
The  program  concentrates  on  problem  solving 
and  is  taught  at  three  or  four  levels,  as  follows: 

1 .  Top  management 

2.  Middle  mana^ment,  supervisor,  staff 

specialists,  engineering 

support,  etc. 

3.  Workers,  operators,  technicians 


4.  QPI  team  seminafs 


For  further  Information  on  this  or  any 
other  RAC  training  courses,  contact  Mr. 
Jamea  Wilbur  at  (315)  337-0900. 

NOTE;  Military  agendas  may  use  OD  Form 
1556  for  ordering  an  on-site  course 
presentation. 
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PRODUCT  FEE  SCHEDULE 


Priea 

Par  Copy 

U.S. 

Non-U. S 

COMPONENT  RETJABIUTY  DATABOOKS 

OSR-4 

Otacrata  Samioonductor  Oavica  Raliability  - 1 958 

100.00 

120.00 

NPflD-3 

Nmafactronic  Parts  RaUabUHy  Data  1985  -  (Pnntad  Copy) 

80.00 

90.00 

FNPRCKJ 

Oiakatts  of  NPRO-3  Data  (IBM  PC  Compatibla) 

125.00 

135.00 

VZAP-2 

Elactrostatic  Oischaiga  Suscapttoility  Data  -  1 989 

125.00 

135.00 

MOfl-21 

Trand  Analysis  Databook  •  1985 

95.00 

105.00 

M0fl-21A 

Raid  Exparianca  Databook  - 1985 

125.00 

135.00 

FM0R-21A 

Diakatta  of  M0P-21A  DMa  (IBM  PC  Compatibla) 

<75.00 

185.00 

MDR-22 

Miciocireuit  Scraaning  Analysis  - 1987 

125.00 

135.00 

MDR-22A 

Mioodrcuit  Scraaning  Data  - 1987 

75.00 

90.00 

NONOP-1 

Nonoparating  RaUabiUly  Data  - 1 987 

150.00 

160.00 

EQUIPMENT  DATABOOKS 

EEflO-2 

Elactronic  Equipmant  Raliability  Data  - 1986 

80.00 

95.00 

EEMO-1 

Elactronic  Equipmant  Maintamability  Data  - 1980 

60.00 

70.00 

HANDBOOKS 

RDH-378 

naiiabMity  Oaaign  Handbook 

36.00 

46.00 

MFAT-1 

Mjeiealactrunica  Faikira  Analysia  Taefmiquaa  Prooadural  Guida 

125.00 

135.00 

NPS-1 

Analyaia  Tachniquaa  for  Maebanicai  Raliabilily 

56.00 

66.00 

PPM-I 

A  Piimarfor  DoO  Raliability.  MaintairMbility  and  Safaty  Standards 

95.00 

115.00 

PRODUCTS  FOR  PERSONAL  COMPUTERS 

RACNRPS 

Nonoparattng  Raliability  Prsdktion  Sofkaara 

1400.00 

1450.00 

(Prioa  indudaa  NONOP-1  Kaiad  abova) 

STATE-OF-THE-ART  REPORTS 

SOAP-2 

Practical  Stadstfeal  Analysis  for  Raliability  Enginasr 

36.00 

46.00 

SOAP-3 

C  Quallly  Gradaa:  Impact  on  Syc-^  Raliabiiity  and  Ufa  Cyda  Cost 

46.00 

56.00 

SOAP-4 

Confidanos  Bounds  for  Syatam  Raliabkity 

48.00 

56.00 

SOAP-5 

Surfaoo  Mount  Tadmofogy:  A  Raliability  Ravisw 

56.00 

66.00 

SOAP-5 

ESO  Contiol  in  tfw  Manufacturing  Enwanmant 

56.00 

66.00 

TECHNICAL  REUABHJTY  STUDIES 

7^8-2 

Saarch  and  Rstrisval  Indaa  to  IRPS  Proosadings  - 1968  to  1978 

24.00 

34.00 

TPS-2A 

Saareti  and  Ratriavaf  Indaa  to  IRPS  Precaadings  •  1979  to  1984 

24.00 

34.00 

TPS-3A 

EOS/ESO  Tacbnology  Abstracts  - 1982 

36.00 

46.00 

TPS4 

Saareb  and  Ratiisvai  Indas  to  EOS/ESO  Procaadings  - 1979  to  1984 

36.00 

46.00 

TPS-S 

Saarch  and  Ratriaval  Indax  to  ISTf  A  Procaadings  -  1978  to  1985 

36.00 

46.00 

ADDITIONAL  RAC  SERVICES 

UtentfurB  Si 

_ _ 

Utaritur*  SMrctws  ara  oonductad  at  a  flat  faa  of  SSO.  For  boat  raaults,  plaasa  call  or  writa  for  assistanca  m 
formulating  your  saarcfi  quaatien.  An  axtra  charga.  baaad  on  angmaaring  tima  and  costs,  will  ba  mada  for  avaiuating, 
axtracnr)g  or  summanzing  informatian  from  tha  citad  ratarancas. 


awrvirwa  .  Call  «ha»  Qwnawt 

Usa  ordar  form  and  sar>d  paymant.  (chack  or  moitay  ordar),  payaUa  to  II'iJWRAC. 


\-ll 


ORDER  FORM 


ORDERED  BY:  (Pl^aa*  Print) 

Name; _ _ 

Compay _ 


QTY.  DESCRIPTION  UNIT  PRICE  TOTAL 

U.S.  NON-US 


Mdsss; 

Civ: 

sair. 

21q: 

CotiSnr 

TOTAL  OF  ORDER .  I 

MAKE  CHECKS  PAYABLE  TO  IITRt/RAC 


PlICA  Qf’dMV  or  0 
purcMM  oreora, 
IITm/NAC. 


HdlBonoi  infonwdoti  dirway  tarn  itt*  nodMiftir  Ana)y«i«  Conar.  SpMfy  i>»  tut 
■y—iM  la  faaalrad.  Al  Non-U.S.  ordars  muai  M  aarawmaniaa  by  a  elMi  Man 


on  a  US  Dana. 


I  Oaaaad.  Eioapi  'or  siamat 
■  aiaaa  shacaa  oayabM  lo 


AM  «1S.C0  par  Mli(NarvU^)  lar  Nr  tM.  aa<  CLOD  par  Ml  (US.)  tar  FMOaaa. 
da  •  aa  aaaitaPia,  idian  oidadtn  to  or  mara  eamm.  far  damHa  oal  or  wrap  Olna  t 

an  (SIS)  sn-ono. 

.  StaMM  Plaafiaaa  Aeraaawnt  00  tarn  tias,  niM  bauaaa  tar  ordadng  RAC  ray 
I  oM  euMI  Mt  on  your  aidar.  AMa  apaady  aardoaa  (l.a,  puiMiBita,  laaraw  m 


I  RaHaaMy  AnalyaM  Canar.  P.O.  Soi  4700. 


,  aK.)  B  ba  I 


MardNy  randar  aa  UT 


ORDER  FORM 


ORDERED  BY:  (PImm  Print) 


QTY. 

DESCRIPTION 

UNtT  PRICE 

U.S.  NON-US 

TOTAL 

MAKE  CHECKS  PAYABLE  TO  IITRI/RAC 


RMumtot 

"  (totabiiiiy  AnaiysUiCwtiir 
^  47001  RorM^  MY  134404200 


Ptaca  ordan  or  anum  addHtanal  informaeon  itaaeay  from  tna  RPMUiy  Anafyaa  Canar.  Spaody  ma  puMtaaiona  and  lamo 
nnrnaaa  ordara.  iirraaimanl  la  raaiMd.  AH  Nan-U.S.  ordara  rmMi  Pa  aoeompanmd  by  a  MeP  dram  on  a  US  band.  Pla 
IITRI/nAC. 


I  daarad.  Eroapi  for  oianttai 
a  maha  enacAa  payaoia  lo 


Add  (is.oo  oa  boaa  (Nan-U.S.|  tar  Nr  Mad.  add  SUO  pa  boaa  (V.X)  far  Firm  CM. 
da-  *a  avadaaia.  rdian  ordanna  10  a  mom  oopaa.  Fa  daada cad  a rrraa Gina  Naan  a  ma  Radadddy 


Roma.  NY  ’3440-d200  |31S)  337-OaaO. 

IflWary  Aganetaa  •  3lan«a  Purcnaaa  Agi aamant.  (30  Form  1 155.  may  ba  uaad  la  ordanno  RAC  raportt  andra  larvioaa. 
»moom  aumontad  aid  cutad  dam  on  your  oroa  Aiao  aaaafy  Mmoao  (t  a..  prjoanarama,  Marcn  larwcaa.  ate.)  o  oa  or 

Raaaareh  inamdaWaiaaaWv  AnalyaM  Canaa. 


AnalyaN  Canar.  P  O.  Sox  4700. 


I  indicata  marimum  aonar 

.  Idanlify  randor  aa  llT 
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RELIABILITY: 

WHERE  ARE  THE  UNIVERSITIES? 

Pro/tuor  Mmrvin  L.  Routh 
Diractor,  C«nt«r  for  Raliability  Eoginecring 
University  ot  Marylnnd 


I  havs  hsard  it  said  tftat  newty 
graduatsd  engineers  trom  our  U.S.  uni¬ 
versities  seem  to  riave  had  no  exposure 
to  measures  ol  reliabiMy,  let  alone  be 
capable  ot  designirtg  comportents  or 
systems  with  reliability  in  mind. 

My  observations  support  this  as¬ 
sertion  to  a  large  degree,  and  l  have 
puzzled  over  the  question  ot  vvhether 
the  universities  are  (ailing  to  do  their  job 
or  whether  the  expectation  is  inappre- 
pnate  (or  universities.  In  a  time  when 
national  competitiveness'  is  an  impor¬ 
tant  issue  and  the  Oetense  OepaitrWit 
claims  mat  system  reliability  and  avaSe- 
bilityarecriticat.itwouidseemthalinM- 
gratmg  rsliahMy  oonsideratlons  into 
design  would  be  grren  caretui  atterston 
at  all  levels.  Why.  then,  is  it  not  so  m 
university  engineering  education  and 
what  (orces  are  at  work  which  intMbit  the 
integration  o(  redabiiiiy  corisideratlons 
into  all  o(  engineering  education? 

While  some  aspects  o(  quality  con¬ 
trol  receive  excellent  attention  as  part  ot 
university  programs,  dealing  with 
manutactuhng  and  reliabiNty  seems  to 
be  the  center  o(  (ocus  in  highly  mathe¬ 
matical  approaches  to  statistical  test 
planning  and  in  data  analysis  using 
Weibull  distributions  and  Bayesian 
technique:,  the  wealtness  seems  to  be 
n  the  engineenng  design  area.  It  is  my 
premise  that  there  are  few  university 
engineenng  faculty  who  would  be  com¬ 


fortable  teaching  reliability  considera¬ 
tions  wShin  their  particular  special  disci¬ 
pline.  With  their  limited  knowledge 
about  reiiability.  they  would  find  it  ditti- 
cul  to  select  homework  problems  and 
design  problems  wtsch  incorporate  re¬ 
liability.  let  alone  grade  the  solutions. 

I  personally  have  oondudad  that 
there  is  a  real  need  for  giving  attention 
to  the  inclusion  ot  reliabiiity  conskJera- 
tloits  within  engineehng  education.  Re- 
HebUity  is  at  least  as  importam  in  product 
aoceptanca  as  pertonnanca  against 
mission  obtectkres  and  cost.  The  Air 
Force  *RaM20(Xr  program  recognizes 
this.  How,  then,  can  universitias  claim 


to  be  teaching  engineering  and  eco¬ 
nomic  fundamentals  without  recogniz¬ 
ing  the  important  third  leg  of  the  stoof’ 
The  answer  is  that  engineenng  educa 
tion  is  incomplete  without  inclusion  of  re¬ 
liability  in  the  cumculum. 

A  caretui  look  at  the  climate  m 
which  a  young  faculty  member  strives 
to  attain  tenure  within  the  university 
community  offers  some  understanding 
ot  the  origin  of  this  failure.  A  primary 
consideration  of  successful  pertorm- 
anea  of  the  faculty  member  is  the  num¬ 
ber  and  quality  of  published  anicles  >n 
prestigious  journals.  Another  impor- 
tars  factor  is  a  demonstration  of  the 
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person  s  capaOilitv  to  attraci  significant 
tunding  to  support  nis/ tier  researcn  pro¬ 
gram  At  times,  consideraton  IS  given 
as  welt  as  to  tfie  prestge  of  the  source 
of  researcfi  funds,  e.g,.  National  Sci¬ 
ence  F^oundation  funding  Is  usually 
considered  an  indication  that  the  per¬ 
son  IS  among  a  somewhat  select  na¬ 
tional  group  of  researchers  within  a  par¬ 
ticular  discipline  The  average  engi¬ 
neering  lacui*y  memtjer  tooks  about 
and  does  not  see  a  focus  upon  reliabil¬ 
ity  at  the  NSF,  does  not  see  the  DoO  es¬ 
tablishing  centers  of  excellence  in  relia¬ 
bility  at  selected  universities,  does  not 
see  industnal  and  government  efforts  to 
involve  universities  in  reliability  re¬ 
search  efforts,  and  does  not  see  a 
braad  range  of  good  materials  to  aid  in 
teaching  reliability  considerations 
within  each  of  the  various  engineering 
disciplines,  it  then  appears  that  inte¬ 
gration  of  retiabifity  into  engineering  is 
not  very  important  nationaMy  and  not  an 
area  on  which  to  base  one's  profes¬ 
sional  career 

Persons  outside  of  universities  can 
hetp  creale  a  dimate  in  which  facuRy 
wM  be  interested  in  investing  their  time 
m  learning  more  about  retiabiiity  engt- 
neenng  by  changing  the  perceived  op- 
portunsies  in  the  disdpline.  Univehii- 
ties  can  and  wil  respond  to  the  need  to 
add  a  locus  on  reiiabitity  throughout  en¬ 
gineering  if  they  find  that  their  eftons 
are  reinforced  by  acttorts  within  govern¬ 
ment  and  industry.  The  formation  of  a 
Center  for  Reiiabiiify  Engineering  at  the 
University  of  Maryl^  is  a  formal  effort 
of  one  school  to  indicatt  its  comms- 
ment  to  work  dosefy  with  both  govern¬ 
ment  and  industry  m  this  ertdeavor.  In 
addition,  our  academic  program  lead¬ 
ing  to  MS  or  PhO  degrees  in  retiabiiity 
engineenng  responds  to  a  part  of  the 
need.  Even  at  Marytand,  much  roomfor 
improvement  exists  in  the  inoorporation 
of  reliability  m  the  undergraduate  engi¬ 
neenng  cumculum.  i  challenge  you  to 
enlist  in  university  faculty  to  help  solve 
your  problems.  You  will  benefit  as  writ 
the  nation  s  future  engineers. 


INDUSTRY 

UPDATE 

RADC  RELIABILITY 
ENGINEER  S  TOOLKIT 


Home  Air  Development  Center 
(RAOC)  has  developed  and  published 
an  application  oriented  guide  lor  the 
pradicing  reliability  engineer  entitled 
■RADC  Reliability  Engineer's  Toolkit  * 
This  200 -f  page  document  was  written 
by  several  members  of  the  Systems 
Reliability  and  Engineering  Division 
based  on  their  combined  experience  in 
developing  R&M  techniques  and  in  pro¬ 
viding  R&M  engineering  support  to  Air 
Force  system  development  programs. 
The  main  sections  of  the  document  fol¬ 
low  the  flow  of  a  normal  development 
program,  from  determmation  of  require¬ 
ments  to  testing.  Twelve  appendices 
give  a  greater  level  of  detaR  to  some  of 
the  topics  in  the  main  sedlons  and  also 
provide  useful  reference  materials.  Ex¬ 
amples  of  the  subtacts  addressad  are; 

Talk  PriorMaa 
Part  Strata  Oarwing 
Oaagn  Raviaw  QuaWlonr 
Critical  Ram  ChacUiws 
RaliaMiiy  Prediction  Maihoda 
Redundancy  Equabans 
ReliabRily  Oemonstrabon  Plan 
Selection 

Warranty  Guidelinee 
RAM  Data  Sourcaa 
RAM  EducWion  Sourcaa 
AF  RAM  Focal  Paintt 

While  the  Toolurs  title  says  its 
oonient  is  reliabdity,  a  bread  interpreta¬ 
tion  of  tha  term  haa  baen  taken  to  in- 
duda  maintainabltity  and  testability. 
Emphasis  is  on  what  the  engineers  role 
is  in  the  particular  process.  For  ex- 
ampla.  what  issues  should  be  raised  at 
design  reviews,  and  what  is  tha  signifi¬ 
cance  of  contractor  response? 

A  copy  of  the  Tookit  may  be  ob¬ 
tained  by  wntten  request  to  RADC/ 
RBER,  ATTN:  RAOC  Tookit,  Gnffiss 
AFB,  NY  134At-5700. 


COMING  UP  -  THE 
10th  ANNIVERSARY 
OF  THE  EOS/ESD 
SYMPOSIUM 


Roy  C.  Walker 

Co-ChMlrman  1979  EOS-ESD 
Symposium 

At  the  August  31,  1973  planning 
meeting,  it  took  three  hours  of  argumg 
to  amve  at  a  consensus  to  call  the 
“EOS/ESD  Symposium"  Electrical 
Overstress/EleclroS'atic  Discharge 
Symposium  by  its  present  name.  Com¬ 
ing  up  to  the  tenth  symposium .  it  seems 
the  name  has  not  been  much  of  a  hin¬ 
drance. 

There  have  been  nine  annual  sym¬ 
posia  since  1979.  Each  symposium 
has  produced  a  proceedings,  providing 
industry  with  valuable  reference  tools. 
Attendees  could  ask  the  paper  present- 
era  questions  and  even  challenge  their 
conclusions.  From  the  start,  each  sym¬ 
posium  has  had  sxhibitors  because  of 
the  need  to  identify  products  useful  to 
prevent  ESO  phenomena  and  to  dis¬ 
cuss  produd  applications  and  speofi- 
calions  in  a  technical  setting. 

The  10th  symposium  is  being  held 
at  the  Anaheim  Marriott,  located  beside 
the  Anaheim  Convention  Center  and 
Oisneylarxt.  The  technical  presenta¬ 
tions  wM  be  given  to  an  audience  ex¬ 
pected  to  reach  f  000.  Over  100  booth 
spaces  have  tteen  constructed  m  a 
room  adjacent  to  the  technical  ses¬ 
sions.  For  attendees  interested  m 
training  videotapes,  the  most  popular 
videotapes  wiH  be  available  for  viewing 
throughout  the  symposium. 

The  technical  program  begins 
Tuesday  morning.  September  27th, 
with  a  keynote  address  given  by  Owen 
McAteer  on  the  progress  m  ESO  over 
the  decade  the  symposum  has  been 
held.  Following  the  keynote  address 
will  be  a  session  covenng  EOS/ESD 
field  failures  in  military  equipment,  lac 
tory  training  programs,  a  case  hisforv 
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TECHNICAL  BRIEF  /  SEPTEMBER  1988 


RELIABILITY  GROWTH  ANALYSIS 
USING  THE  DUANE  AND  AMSAA 

MODELS 


Reliability  Growth  Testing  (RGT)  implemented  with  a  Test-Analyze-And-Fix  (TAAF)  process  is  becoming  an 
increasingly  popular  and  effective  reliability  assurance  technique.  The  objective  of  RGT  is  to  test  a  system  or 
equipment  in  an  environment  similar  to  its  operational  one.  analyze  any  failures  that  occur  dunng  the  test  and 
implement  design  changes  if  they  are  appropriate.  The  TAAF  portion  is  where  the  reliability  improvement  actually 
originates.  Unlike  other  R;M  tests  the  purpose  of  RGT  is  to  precipitate  failures.  As  with  many  reliability  and 
mamtainabiMy  (R/M)  techniques.  RGT  should  be  part  of  the  development  process. 

RGT  is  required  and  regulated  by  many  OoO  harKfbooks  and  standards,  including  MIL-ST0-785B.  ‘Reliability 
Program  for  Systems  and  Equipment.  Development  and  Production.*  MIL-HOBK-189.  ‘Reliability  Growth 
Management;'  and  MIL-STD-163S.  ‘Reliability  Growth  Testirtg.*  An  excelleitt  guide  to  the  practical  aspects  of 
RGT  and  TAAF  is  the  publication  “Best  Practices.*  avaHabie  from  the  Department  of  the  Navy.  NAVSO  P-6071  in 
each  phase,  new  and  useful  information  from  failure  analysis  can  be  implemented  in  the  form  of  corrective  actions 
that  improve  the  reliability  of  the  equipntent.  To  measure  the  effectiveness  of  design  fixes,  models  have  been 
developed  to  determine  if  the  mean-time-between-faiiures  (MTBF)  of  the  equipment  is  in  fact  ‘growing.* 

There  are  many  models  available  to  analyze  growth  datt.  Two  of  the  most  widely  used  are  the  Duane  model, 
developed  by  J.T.  Duane  of  General  Electric  in  1962,  and  the  Army  Material  Systems  Analysis  Activity  (AMSAA) 
model,  developed  by  Dr.  L.H.  Crow  in  1972.  The  Duane  model  is  based  on  an  empirical  relationship  that  as  long 
as  the  MTBF  is  growing  the  following  holds: 


MTBFcum 


where; 


MTBFgynr 

K 

a 

T 


Cumulative  MTBF 

Constant  determined  by  the  initial  MTBF 

Growth  rate  ( the  slope  of  the  log^  plot  of  MTBF^^y^  vs  Test  Time) 
Cumulative  test  time 


In  most  cases,  the  log-log  plot  of  cumuladve  failures  vs.  test  time  wM  resut  in  a  linear  relationship  if  the  system 
reliability  Is  improving  due  to  a  test-analyze-and-flx  (TAAF)  procedure.  The  TAAF  procedure  improves  system 
reliability  based  on  the  incorporation  of  design  changes,  it  the  slope  of  the  oest  fit  line  of  such  a  plot  is  positive, 
the  system  is  said  to  be  growmg  in  rsliabiiity  as  time  progresses,  hence  the  term  'reliability  growth.' 

The  Duane  model  assumes  that  the  design  fixes  are  100%  effective  and  that  they  are  implemented 
immediately.  From  this  established  cumulative  MTBF  an  instantaneous  MTBF  can  be  calculated.  The 
instantaneous  MTBF  (MTBF;n«t)  is  the  MTBF  of  the  design,  assuming  there  are  no  further  design  changes  and 
that  the  design  changes  that  did  occur  were  implemerrted  successfully. 

The  instantaneous  MTBF  e  calculated; 


M  r  SFiw^ 


MTBFqjin 

“  (1-a) 


Usually  the  plot  of  MTBFcum  and  MTBFinst  results  m  two  linearly  increasing  parallel  lines  on  log-tog  paper  as 
shown  in  Figure  1 .  The  instantaneous  MTBF  essentially  estimates  the  projected  field  failure  rate  by  accounting  tor 
fixes  without  purging  the  failure  data. 
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The  Ouane  modtt  assumes  that  growth  is  a  deterministic  process,  while  the  AMSAA  model  views  the  process 
of  reiiabiiity  growth  as  a  probabilistic  process.  The  AMSM  model  is  based  on  the  empiricaJ  relationship  developed 
by  Ouane  and  is  equivaleni  to  a  non-homogeneous  Poisson  process  model  with  a  WeibuN  intensity  function.  The 
AMSAA  model  is: 


where: 


red) -XX’ 


cumulative  fadure  rate  at  time  t 
t  -  Total  test  time 


9  -  Estimate  of  the  time  value  of  the  growth  parameter 

X  -  Scale  parameter 

The  instantaneous  faMurs  rate  rj(t)  at  time  t  is  the  incremental  change  in  number  of  failures  (F)  with  respect  to 
the  change  in  time,  it  is  derived  in  the  following  manrrer 


yti  - 


P-1 

xpr  .r.(t) 


(»)  p  -  ^  (iv>  pr  (t)  -  r  (t) 

It  can  be  seen  that  the  parameter  a  used  in  the  Ouane  Model  is  equivalent  to  (1-0)  of  the  AMSAA  model 
Note  that  the  AMSAA  nnodel  is  based  upon  failure  rate  estimates,  whereas  the  Ouane  model  is  based  upon  MTBF 
estimates. 

The  form  of  the  AMSAA  model  used  on  a  particular  set  of  data  is  based  on  two  issues  concerning  the  test 
data.  First,  did  the  test  end  wrth  a  failure?  if  l  did.  the  test  is  considered  to  be  a  failure  truncated  test.  If  the  test  did 
rwt  end  with  a  failure,  if  is  considered  to  be  a  time  tnincated  test.  Second,  if  fewer  than  20  failures  occurred 
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during  the  test,  it  is  appropnate  to  use  unbiased  estimates  for  r(t).  otherwise,  the  biased  estimates  are  used.  The 
large  sample  (biased)  estimates  for  3  and  X  are 


N 


where; 


to  3 


_ N _ 

0  “  M 

M  In(Xn)  -  I  in(X,) 

1.1 


or 


Failure  Truncated 

The  small  sample  (unbiased)  estimates  for  3  arxl  X  are: 

where: 


_ N _ 

0“  N 

N  in(to)  ■  I  ln(X,) 
i-t 

Time  Truncated 


N 


N-2  * 

0‘“n‘3 


or 


Failure  Truncated 


N-1  * 

0"  N  3 

Time  Truncated 


N  is  the  total  number  of  failures,  M  -  N-1 .  to  is  the  total  test  time,  X,  are  the  individual  failure  times.  Xn  is  the 
time  of  the  last  failure. 

The  data  points  and  the  cumulative  and  instantaneous  failure  rates  are  plottad  on  log-log  paper.  Figure  2  is  an 
example  of  the  AMSAA  model  fitted  to  some  actual  growth  test  data.  The  data  are  the  actual  individual  Times-To- 
Failure  (TTFs)  of  the  system  under  test.  The  TTFs  (in  hours)  plotted  are:  25,  38,  48,  68,  88.  90.  100,  170,  222, 
275,  300.  350,  355.  357,  357,  399,  490.  500,  620  and  850. 


The  slight  hook  at  the  beginning  of  the  graph  shows  a  low  failure  rate  until  the  earty  defects  have  had  time  to 
reveal  themselves.  This  is  sometimes  due  to  a  bum-m-like  effea.  it  is  also  interesting  to  note  that  the  nnodel  does 
not  appear  to  fit  exactfy  through  the  center  of  the  data  points  as  the  least  squares  estimate  would.  This  is  because 
the  AMSAA  model  takes  into  account  the  exponential  relationsbip  between  each  data  point.  The  line,  therefore 
s  a  rnore  accurate  representation  of  the  reduction  m  failure  rate  with  respect  to  time. 


Because  ine  testing  diQ  not  conclude  with  a  failure,  the  lime  truncated  formulas  were  appneo  to  the  cata  'ne 
"stantaneous  estimates  'or  failure  rate  and  MTBF  were  calculated  using  ootn  the  Oiased  ano  ur'cnased 
techniques.  Decause  the  sample  size  is  nght  at  the  20  point  limit  The  unoiased  MTBF  is  72  hours  wnue  me 
Diased  IS  68  hours.  By  statistical  definition  rt  the  sample  size  is  20  or  below  the  unbiased  estimate  should  be  used 
Using  the  unbiased  estimate  of  72  hours  MTBF,  an  upper  and  lower  confidence  bound  can  be  calculated  using 
me  tables  from  MIL-HDBK-189  For  a  sample  size  of  20  at  a  90%  level  of  confidence  the  bounds  are  defined  by 
5cCi  X  MTBF  <  MTBF  <  1  9f8  X  MTBF  Therefore,  the  confidence  interval  for  this  example  ;S  45  nours  'C  '35 
hours.  I  e  .  we  are  90%  confident  that  the  actual  MTBF  is  between  48  and  138  hours 

The  trend  statistic,  utt,  determines  the  preserx:e  of  any  significant  trends  in  failure  rate  in  this  example 
uyj  =  -2.338  By  comparing  this  to  the  tables  m  MIL  HDBK-189  it  was  determined  that  there  is  a  99%  probability 

that  the  lailure  rate  is  decreasing.  Though  it  is  obvious  m  this  example,  it  is  not  always  so  dear  The  accept  or 
reject  cnteria  for  the  model  is  based  on  the  Cf^2  statistic  After  computing  this  statistic  it  is  compared  to  the  C^2 

table  m  MIL-HDBK-189.  In  this  example  it  supports  the  90%  confidence  level  m  favor  of  accepting  the  fitted 
model,  I  e.,  we  are  90%  confident  the  rrxxlel  fits  the  data. 

Another  issue  surrounding  the  analysis  of  RGT  data  concerns  the  chargeaPility  of  failures  in  general  all 
failures  are  chargeable  unless  they  are  induced  by  some  outside  unrelated  source  if  the  data  is  incorrectly  altered 
by  wbat  some  consider  nortchargeable  failures,  then  improper  growth  rate  estimates  will  result  A  failure  review 
board  (FRB)  should  be  established  to  determine  what  failures  are  chargeable  and  to  assign  responsibilities  to 
appropriate  individuals  regarding  proposed  corrective  actions.  The  board  should  meet  on  a  regular  basis  during 
the  RGT  In  most  cases,  the  RGT  will  slop  tor  the  entire  process  of  correcting  failures.  Beware  of  the  claim  that 
'the  design  fix  will  be  incorporated  dunng  the  production  phase.*  The  design  fix  should  be  implemented  on  the 
equipment  under  test  before  the  test  resumes. 

In  March  1988  the  institute  of  Erivironmental  Sciences  (lES)  presented  a  reliability  growth  management 
conference.  The  conference  organizing  committee  issued  a  list  of  recommended  practices  based  on  the 
cumulative  knowledge '  t  many  leaders  in  the  field.  A  condensed  version  is  presented  here 


RECOMMENOEO  PRACTICES 

1  Top  management  support  is  essential 

2  Reliability  growth  IS  part  of  an  integrated  test  program 

3  For  reliability  growth  planning  use  an  idealized  growth  curve  (Such  as  the  Duane  Model) 

4  For  reliability  growth  assessments  use  demonstrated  values  (Such  as  the  AMSAA  model) 

5  Plan  for  reliability  growth  to  occur  only  m  the  developmental  pans  of  the  system 

6.  It  IS  best  to  track  reliability  growth  at  the  system  level 

7  In  tracking  reliability  growth,  analyze  the  data  -  dom  simply  'plug  and  chug* 

3  Honest  and  complete  data  collection  is  essential 

9  Open  reliability  forum  with  membership  from  both  government  and  contractor  should  be 
established  to  review  failures,  corrective  actions,  methods  of  assessment,  etc. 

’  0  Implement  fixes  to  hardware  m  blocks  (i  e..  all  units  should  be  fixed  after  sufficient  test  time  has 
been  accumulated  to  identify  failures,  correaive  actions,  etc.) 

It  property  managed,  RGT  is  an  etfeaive  method  to  improve  reliability  and  reduce  Life  Cycle  Costs  m 
oerforming  RGT  if  must  be  understood  that  if  is  a  process  of  testing,  analyzing  failures  and  implementing  fixes  it 
'equires  prudent  angineenng  judgement,  both  technically  and  economically 

Many  thanks  to  Mr  Walter  Lilius  of  U  S.  Army  META  and  the  committee  members  of  this  years  lES  conference 
cn  'Pliability  growth  management  for  their  inputs. 

A  PC  based  implementation  of  the  Duane  and  AMSAA  RGT  models  is  available  tree  ol  charge  from  the  RAC 
'he  algorithms  lor  each  model  have  been  implemented  m  MalchCad  by  MathSoft  of  Cambridge.  MA  RAC  will 
:enq  the  MathCad  templates  on  a  5  1/4'  DO  floppy  disk  m  IBM  PC  format. 

-or  lurther  information  regarding  Reliability  Growth  Testing  or  the  MathCad  templates  contact  David  F  Tyler 
IT  Research  institute.  (3i5)  337  0900. 


3r  ES3  Control  program  'or  a 
arge  oisk  t.le,  resoivn-tg  ES3  incidents 
:o  spacecraft  aoards  during  production 
and  E30  concerns  tor  tape  and  reel 

packaging.  The  Tuesday  afternoon 
session  will  have  presentations  on  ESD 
damage  threshold  testing,  latency,  pho- 
•cemis3.cn  testing  GaAs  susceotibiirty 
effects  and  Dipolar  transistor  effects 
with  graded  collector  doping. 

Evaluation  of  matenals  will  be  a 
popular  topic  m  the  Wednesday  mom- 
.ng  papers  Tntx)eleclnc  properties, 
worKsurface  testing,  corrosnn.  and 
qualifkcanonrvenficatidn  testing  of  ESO 
protective  matenals  are  to  be  covered. 
Wednesday  afternoon  the  evolving 
techniques  lor  adequately  charactenz- 
.ng  ESO  susceptibility  of  devices  will  be 
presented. 

On  Wednesday  evening.  Septem¬ 
ber  28th.  five  Simultaneous  workshops 
have  been  organized  to  discuss  current 
topics  of  high  iffterest;  (1 )  ESO  Control 
requirements  m  a  manufactunng  envt- 
ronment.  (2)  Ionization.  (3)  Systenv 
SuOs'/stem  issues,  (4)  On-Chip  protec¬ 
tion  and  (51  ESO  failure  anafyW 

The  final  technical  sesaions  on 
Thu  rsday  mommg  w4l  offer  attendees  a 
chocs  between  a  season  cn  System 
Level  ESO/EMP/EMI  Considerations 
and  a  sesson  on  On-Chip  Protection 
Technoues.  Workshops  wiU  be  held 
Thursday  afternoon. 

Por  entry-level  attendees,  an  ail- 
day  T  utonal  will  be  given  the  day  before 
•he  Symposium  begins. 

in  ratfospecl,  the  EOS/ESO  Sym¬ 
posium  is  a  testimony  to  the  concept  of 
technical  symposia  and  what  can  be 
accomplished  thereby.  Through  hold- 
ng  annual  symposia  the  awareness 
and  tecnmcai  understanding  of  a  sub- 
ea  can  bo  enormously  expanded. 
Credit  must  be  given  to  the  visxsnanes 
at  PAOC  and  RAC  who  promoted  and 
supported  the  concept  of  this  sympo¬ 
sium 


MR*\P  SRAP 
DISCOVnNXED 


The  May  1988  issue  of  the  Micro- 
circuit  Reliability  Assessment  Program 
(WRAP)  was  the  final  issue  The  infor¬ 
mation  in  MPA?  will  Oe  in  the  newly 
revised  MlL  STD-t562  This  docu¬ 
ment  can  be  ootamed  by  contacting: 

□ESC.'ECS 
1507  Wilmington  Pike 
Oayfon,  OH  45444-5225 
(513)296-6022  .AV:  986-6022 

The  first  NATO  Microcircuit  Pre¬ 
ferred  Products  List  (PPL)  has  been 
completed  and  this  information  wilt  be 
reflected  In  MlL-STO-1562.  Revision 
T.  as  a  basis  for  reciprocal  use  of  other 
nations'  microctrcuits. 

The  May  1968  issue  of  the  Semi¬ 
conductor  Reliabitity  Assessment  Pro¬ 
gram  (SRAP)  was  the  final  issue. 
SRAP  users  are  referred  to  MIL-STD- 
701  and 'Tabulation  of  TX&TXV  Types 
Under  MII.-S-19500.*  For  information 
on  both  of  these  documents  coniaa. 

OeSOECT 
1507  WilminQfon  Pfce 
Dayton,  01.  4544^5280 
(513)  296-5373  AV:  986-5373 


CALL  FOR  PAPERS 


The  1989  International  Reliability 
Physka  Sympossam,  to  be  held  10  - 13 
Apnl  1989  in  Phoena,  AZ,  is  seeking 
papers  relevant  to  buHding-m  and  vali¬ 
dating  reliability  for  present  and  devet¬ 
oping  VLSI  and  hybrid  technologies. 
Subiects  of  particular  interest  are ;  pack¬ 
age  design  and  construction  for  high  re¬ 
liability.  buiiding-in  reliability  (design 
arxl  process  control  for  Si  arxl  GaAs). 
ar\atysa  for  reliability,  and  test  method¬ 
ologies.  Send  a  one-page.  50-wonj 
abstract  and  a  two-page,  camera-ready 
summary  to  Patrick  Kennedy,  Hughes 
Aircraft  Co. .  P  O  Box  331 0  B675-C 1 29. 
Fullerton.  CA  92634;  Tel.:  714-441- 
9003:  Fax:  714-441-8501  Deadline: 
Oct.  9.  1988. 


NEW 

RAC  PRODUCTS 

R,  M  &  S  STANDARDS 
PRIMER:  GLTDELINES 
FOR  DoD  RELIABILITY. 
MAINTATVABILITY  .'LNT) 
SAFEIT  STANDARDS 


Today  s  defense  contractor  is  re¬ 
sponsible  for  compliance  with  a  vast 
array  of  military  specifications,  stan¬ 
dards  and  handtsooks.  it  Is  often  difficult 
to  determine  those  which  most  ade¬ 
quately  address  the  Reliability,  Main¬ 
tainability  and  Safety  (R.  M  4  S)  require¬ 
ments  of  a  given  program  without 
spending  a  great  deal  of  time,  effort  and 
dollars.  To  simplify  this  task,  the  Re¬ 
liability  Analysis  Center  has  published 
■R,  M  4  S  Standards  Phmer:  Guidelines 
tor  DoD  Reliability.  Maintainability  and 
Safety  Standards  (PRIM-i;.“ 

Each  chapter  of  this  400-page  pub¬ 
lication  deals  with  a  single  standard, 
specification  or  handbook,  it  gives  a 
brief  description  of  the  document,  de¬ 
scribes  its  purpose,  explains  its  signifi¬ 
cance  to  the  program  andror  phase  of 
the  program,  lists  any  applicable  Data 
Item  Descriptions  (OiOs)  and  gives  a 
bnef  explanation  of  how  the  docament 
should  be  used.  It  explains  how  to  tailor 
the  document's  requirements  and  also 
identifies  those  documents  which  may 
be  unique  to  a  specific  branch  of  the  mili¬ 
tary 

PRIM-1  provides  the  user  with  a 
single  reference  guide  to  the  applicabil¬ 
ity  and  use  of  the  most  pertinent  R,  M  4 
S  military  documents.  This  publication 
eliminates  the  necessity  of  having  to 
order  and  review  each  document  seoa- 
rately  to  determine  its  applicability  to  a 
specific  program.  This  is  especially 
helpful  in  proposal  efforts  if  the  user  is 
not  familiar  with  oil  of  the  R  M  4  C 
specificaiions  or  government  orocure- 
menf  programs. 

PRIM-1  IS  available  from  the  Relia¬ 
bility  Analysis  Center  preoaid  at  S95 
U  S  and  $115  Non-U  S 
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FEEDBACK 

RAC  MOV'E 

^0  our  readers: 

’"he  RAC  nas  'ecently  moved,  al- 
^ijr  jdd'’ess  aPd  'elephc.'^e 
ourroers  remain  the  same,  Asaconse- 
ouence  o(  the  move,  we  have  had  ditfi- 
ouity  with  our  (31 5)  330-41 51  line  We 
aooiogize  tor  any  •nconvenience  this 
may  have  caused  Thank  you  for  your 
caiience 


CALENDAR 


Testability  Practices  Today  Training 
Course  ii-i3  October  1988, 
Syracuse.  NY,  arxl  1-3  November  1988, 
San  Jose.  CA.  Soonsoredby  the  Relia¬ 
bility  Analysis  Canter,  P  0.  Box  4700, 
Rome,  NY  13440-8200.  Contact  Nan 
Pinmmer.  (315)  337-0900 

Design  Reliability  Training  Course, 
24-27  October  1988.  Syracuse.  NY 


Sponsored  oy  the  Reiiaciiitv  Analysis 
Center  P  O  Box  4700.  Rome.  NY 
■■3440-8300  -Sorhact  Nan  P^rimmer 
(315)  337-0900 

Statistical  Process  Control  Training 
Course  24  27  October  1988 
Syracuse  NY  Sponsored  Oy  the  Rena 
bilrty  Analysis  Center.  PO  Box  4700, 
Rome.  NY  13440-8200  Contact:  Nan 
Ptnmmer,  (315)  337-0900 

OTIC'88  Annual  Users  Conference 
31  October  -  4  November  1988. 
Ramada  Hotel  -  Old  Town,  Alexandria. 
VA.  For  further  intormation  about  the 
conference  or  OTlC's  services  call 
Defense  Technical  Informatxjn  Center 
User  Services  Branch.  (202)  274-3848 
or  Aufovon  284-3848 


ORDERING  RAC 
PUBLICATIONS 


Order  directly  from  the  Relicibility  Analy¬ 
sis  Center,  P  O.  Box  4700.  Rome.  NY 
13440-8200.  Prepayment  is  required. 


Make  c.hecks  pay  ac-e  to  il  i  HI,  RAc 
elude  recipient  s  name  or  man  sloe  zr 
order  Miiiiarv  3r;e''C'.es ‘ 
form  must  show  vendor  as  IIT  Re¬ 
search  Institute  Foreign  orders  may 
be  paid  by  a  check  or  by  transfer  O' 
to 

Norstar  Bank. 

Mohawk  Acres  Branch 
Rome,  NY  13440,  U.S.A. 

(Checking  Account  #ii  201921  i  i 


The  RAC  NEWSLETTER  is  pub¬ 
lished  quarterly  and  distributed  free- 
of<harge  if  you  have  an  article  that 
you  would  like  included  m  a  future 
newsletter,  contact  Nan  Pfnmmer  at 
the  Reliability  Analysis  Center  P  0 
Bov  4700.  Rome,  NY  13440-8200 

•Telephone:  (315)337-0900 

•  Telefax:  (315)337-9932 

•  Technical  Inquiries: 

(315)  337-9933 


Reliability  Analysis  Center 
P  0.  Box  4700 
Pome,  NY  13440-8200 


Non-Profit  C.-g. 

U.S.  Postage 
PAID 
Utica,  N.Y 
Permit  No.  566 
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January  14,  1988  Letter  No.  a62-RER-048 


Mr.  Steven  J.  Flint,  RAC  Technical  Director 
Reliability  Analysis  Center 
P.  0.  Box  4700 
Rome,  New  York  13440-8200 

Mr.  Flint: 

I  recently  received  my  copy  of  MOR-22.  Microcircuit  Screening  Analysis  and  am 
impressed  with  the  effort.  It  is  an  excellent  collection  of  data  and  a 
considerable  analysis  effort.  The  authors.  Chandler,  Stockman  and  Denson  are 
to  be  commended  on  some  interesting  and  exhaustive  work.  It  must  have  taken 
quite  a  while  to  assemble  it  and  even  figure  out  how  to  analyze  it.  In 
particular,  I  like  the  data  presentation  in  the  appendix.  However,  there  were 
several  pages  on  which  I  have  some  questions.  These  are  listed  below. 

PAGE  COWENT  OR  QUESTION 

2-3  There  seems  to  be  an  error  in  the  Fall  Out  Rate  Equation.  Shouldn't 
it  be:  #  Failed  divided  by  #  Tested? 

2-25  Were  the  rescreening  test  levels  conensurate  with  the  labeled  quality 
thru  class  of  the  ICs?  Or  were  the  rescreening  tests  essentially  the 

2-28  same  for  all  classes.  I  find  it  most  interesting  that  the  "B" 

class  group  had  a  markedly  higher  fallout  than  the  *0*  class  which 
is  supposedly  of  a  lower  quality. 

2-65  Why  ^sas  no  regression  analysis  shown  of  the  Bum-In  data  against 
"Screen  Type*?  This  would  be  very  useful  Information  regarding 
the  actual  quality  of  the  various  class  types  as  they  left  the 
assembly  process. 

2-94  Same  coMents  on  rescreening  versus  class  level  as  on  pages  2-25 
thru  2-28 

2-105  The  conclusions  drawn  in  the  last  paragraph  that  "Stabilization 
bake  and  temperature  cycle  have  higher  fall-out  rates  than  does 

thermal  shock.  Also  for  the  data  observed . "  are  not  supported 

by  either  Figure  38.  or  the  data  shown  in  Table  20. 

A-6  In  the  fourth  paragraph,  the  second  sentence  starting  "Thermal 
shock....*  seems  to  be  missing  something. 

In  the  fifth  paragraph,  the  last  sentence  starting  "In  general, 

. "  seems  to  be  missing  something. 

A- 12  The  second  paragraph  under  the  X-Ray  section  seems  to  be  more  general 
than  Just  X-Rays  and  probably  should  be  at  the  beginning  of  the 
appendix. 
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Mr.  Steven  Flint 


January  14,  1988 


If  one  or  more  of  the  authors  would  like  to  discuss  these  comments  with  me, 
they  can  reach  me  at  (219)237-2239  from  7:30  a.m.  to  4:30  p.m.  EST,  Monday 
through  Friday.  In  particular,  I  am  concerned  about  the  lack  of  major 
conclusions  or  analysis  of  fall  out  relative  to  device  quality  class. 


Thank  you, 


Robert  E.  Raymond 
Electronic  Controls 


Engineering 


MISSION 


of 

Rov.e  Air  Development  Center 


RADC  plans  and  executes  research,  development,  test  and 
selected  acquisition  programs  in  support  of  Command,  Control, 
Communications  and  Intelligence  (C'l)  activities.  Technical  and 
engineering  support  within  areas  of  competence  is  provided  to 
BSD  Program  Offices  (POs)  and  other  BSD  elements  to 
perform  effective  acquisition  of  C^I  systems.  The  areas  of 
technical  competence  include  communications,  command  and 
control,  battle  management  information  processing,  surveillance 
sensors,  intelligence  data  collection  and  handling,  solid  state 
sciences,  electromagnetics,  and  propagation,  and  electronic 
reliabilitx / maintainability  and  compatibility. 


